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INTRODUCTION 


This handbook introduces products on a new gen- 
eration of VLSI semiconductor technology from 
Intel. CHMOS (Complementary High-performance 
Metal Oxide Semiconductor) combines the best pro- 
cessing techniques used on Intel’s high performance 
HMOS processes with a new set of performance- 
oriented design rules. CHMOS improves the indus- 
try’s best speed-power performance to achieve high- 
speed products with an order of magnitude less 
power usage. Additionally, on some products (like 
the new series of CHMOS Random Access Mem- 
ories), CHMOS is utilized to attain higher speed 
versions than previously available. 


These CHMOS product specifications are brought 
together to give designers a common reference for 
information on Intel’s complete VLSI CHMOS 
product line. Represented are components from the 
microprocessor, peripheral, microcontroller, tele- 
communication, non-volatile memory, and volatile 
memory areas. In each case, optimized CHMOS 
versions of industry-standard architectures are 
included. This complete set of CHMOS products 
enables designers to utilize their software and 
hardware expertise gained with HMOS and quickly 
take advantage of CHMOS benefits for their systems. 


USING THIS HANDBOOK: 


Primarily, this book contains a compilation of Intel’s 
CHMOS data sheets organized by product type. 


Each data sheet highlights those aspects of each 
product which the designer will find most useful. 
Complete parametric specifications follow the 
product descriptions. 


A summary of Intel’s unique approach to building 
CHMOS product line has been inserted at the outset. 
The opening chapter discusses the key issues ad- 
dressed in designing CHMOS — namely latchup 
prevention, soft-error prevention, interconnections, 
and logic design techniques. The approach used to 
resolve these issues and create a complete set of 
VLSI components is then outlined. 


This handbook should be used in combination with 
other Intel design aids. Additional specifications, 
application materials, design support tools, or 
instructional classes are available to supplement 
design efforts. These items can be obtained from 
your local Intel representative. 


ABOUT THE FUTURE: 


Specifications of Intel’s initial CHMOS products are 
contained in this handbook. More VLSI CHMOS 
components will be added as Intel continues to im- 
prove its technologies, the products they make up, 
and ultimately the systems they go into. With these 
new products will come an expanding set of docu- 
mentation to keep designers abreast of advanced 
semiconductor capabilities and their applications. 


CHMOS Technology 1 


Overview 


Modular approach to C-MOS technology 
tailors process to application 


Despite the proliferation of applications, a few C-MOS process variations 
can address the functional requirements of many different products 


by Kim Kokkonen and Richard Pashley, /nte/ Corp., Santa Clara, Calif. 


L]In the past few years, the interest in complementary- 
MOS technology and its applications to new products has 
exploded. Traditional arguments for C-MOS center on its 
low power dissipation, the large noise margins of comple- 
mentary logic, and its simple ratioless design. With the 
advent of very large-scale integration, these arguments 
are taking on new meaning and importance. 

As an example, Fig. | compares the performance of 
H-MOS (high-performance n-channel MOS ) inverters with 
their equivalent in Intel’s C-H-MOS (complementary high- 
performance MOS) technology. Though H-MOS’s speed 
continues to improve with further scaling, its delay-pow- 
er product is more than an order of magnitude higher 
than a C-H-MOS implementation with identical n-channel 
transistors. In a VLSI part with 50,000 gates, C-H-MOS 
could mean the difference between 1 and 10 watts of 
power dissipation, which might save the expense and 
difficulty of a sophisticated cooling system or extend a 
portable system’s operating time by a factor of 10. 

That C-MOS performance is now on a par with n-MOS 
technology has also accelerated its popularity. In addi- 
tion, the density of C-MOS circuitry has improved dramat- 
ically with advances in technology. Finally, the number 
of process alternatives has grown so large that almost 
any integrated-circuit design can be supported with avail- 
able C-MOS technology. 

Unfortunately, the wave of enthusiasm for C-MOS and 
the needs of different applications have multiplied the 
number of approaches that C-MOS developers are taking. 
Several major issues remain in VLSI C-MOS design—name- 
ly latchup and soft-error prevention, interconnections, 
and logic-design techniques. A building-block approach 
with a limited number of basic process modules can be 
used to create a close-knit family of technologies that 
squarely addresses these issues and simultaneously sup- 
ports a wide range of applications. 


The basis for C-H-MOS 


A firm foundation in n-MOS-transistor physics will 
support the advancement of C-MOs technology. As chan- 
nel lengths approach | micrometer, n-channel transistors 
become more difficult to optimize because the standard 
5-volt power supply causes problems with high-intensity 
fields. Improperly designed transistors may be unreliable 
as a result of hot-carrier injection into gate oxides, or 
they may cause less localized problems by injecting carri- 
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ers into the MOS substrate—there to bleed charge from 
storage nodes or even trigger a destructive latchup. 

The resources to develop and verify the reliability of a 
1-um n-channel transistor are well established and sub- 
stantial. In Intel’s C-H-MOS process, the basic design of 
the n-channel transistor 1s identical to 1ts H-MOS counter- 
part, as shown in the table. Even at the more detailed 
levels of doping profiles, the H-MOS and C-H-MOS transis- 
tors are nearly identical. 

Thus a high-performance C-MOS technology may be 
born out of an established n-MOS line. The relatively 
simple addition of an n-well in the same high-resistivity 
substrate results in a C-MOS process that serves as the 
basis for several optimized technologies. This is just a 
start, however, as other important issues remain. 

Latchup has been the traditional nemesis of C-MOS. 
Given the presence of parasitic silicon controlled rectifi- 
ers within every bulk C-MOS chip, a current pulse of 
sufficient magnitude either inside or outside the chip may 
cause a catastrophic latchup. Many schemes have been 
proposed to combat latchup, ranging from carefully scru- 
tinizing the layout (which imposes no burden on the 
technology) to a buried layer (which significantly in- 
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1.Power down. Despite the continuous improvement of H-MOS 
(high-performance MOS) by scaling, the delay-power product for C-H- 
MOS (complementary-MOS H-MOS) is more than an order of magni- 
tude iower in the typical integrated circuit. 


Technology 
n-MOS C-MOS 


H-MOS {1 C-H-MOS It! 


creases complexity and processing cost). All have some 
degree of effectiveness. 

A modular approach to a broad-based line of C-MOS 
technologies requires other measures besides mere physi- 
cal latchup resistance. The latchup spoiler must be appli- 
cable to dynamic random-access memories, erasable pro- 
grammable ready-only memories, and static RAMS, as 
well as to microprocessors and controllers. In order to 
improve latchup resistance, it cannot increase the dis- 
tance between n- and p-channel transistors (this con- 
straint is most significant in random logic and full c-Mos 
six-transistor static-RAM cells). The technique must be 
compatible with low-cost and large-volume manufactur- 
ing. Finally, the approach must be consistent with the 
use of an automated checking algorithm, so that every 
gate of a large semirandom logic design need not be 
scrutinized for latchup susceptibility. 


Epitaxial benefits 


Figure 2 shows the margin gained in latchup trigger 
current when an epitaxial substrate is used. The epitaxial 
substrate brings the same latchup benefits to all product 
_ lines, and in many cases provides additional advantages 
such as improved surface lifetimes (for dynamic RAMS) 
and reduced dc resistance (for E-PROMs and logic). Epi- 
taxial substrates are now available in volume from com- 
mercial silicon vendors, adding less than 5% to the cost 
of a finished wafer. No additional or exotic fabrication 
equipment needs to be installed. Because the epitaxial 
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2. Benefits. By raising the margin of latchup trigger current, an 
epitaxial substrate effects a dramatic improvement in combatting 
latchup, a major concern in complementary-MOS chip design. 
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n-CHANNEL TRANSISTOR COMPARISON 


| thickness (A) | length (um) voltage (V) profile 
pws: ~ | mm | ao | or [| im 
eee |= le) es te 

ec ce 


substrate’s heavily doped bulk effec- 
tively eliminates the vertically trig- 
gered latchup mode, it is possible to 
develop a set of computer-aided-de- 
sign tools that can flag latchup-sensi- 
tive layouts on the largest VLSI chips. 

Since grasping the phenomenon of 
upsets induced by alpha particles, in 
1977, memory designers have taken 
care to ensure that enough charge is 
stored within each cell to minimize 
the problem. As critical chip dimensions are reduced, 
this problem becomes more severe, however, since both 
parasitic and storage capacitances are naturally reduced. 
For the latest 1.5-~m n-MOS process, stored charge is low 
enough to caution even microprocessor designers to 
guard against random storage nodes suffering from soft 
errors. Fortunately, C-MOS provides a natural barrier 
against soft errors if the storage node is located within 
the C-MOS well. 

The well junction is reverse-biased by the power-sup- 
ply voltage. The electric field at this junction naturally 
repels any carriers generated outside the well that might 
otherwise diffuse up to surface storage nodes. The combi- 
nation of the well structure and an epitaxial substrate is 
even more effective. Here the funneling mechanism that 
usually collapses local electric fields during the passage 
of an alpha particle is also minimized. By using epitaxial 
substrates and the protection of a C-MOS well, the 
amount of charge collected during an alpha event can be 
reduced by an order of magnitude. 

Of course, the designer must arrange for the storage 
node to reside within the well. This constraint, combined 
with other performance issues, leads to different choices 
of well and substrate polarities, depending on application. 
For example, in a C-MOS technology that is optimized for 
dynamic RAM, the ideal memory cell should have a p- 
channel pass gate and a p-channel capacitor located with- 
in an n-well in a p-type substrate. The p-channel transis- 
tor is chosen because it injects far fewer spurious carriers 
into the substrate and thus does not by itself disturb the 
state of neighboring cells. | 

The conductance of the p-channel device, while lower 
than that of an n-channel device of the same size, does 
not degrade the RAM’s performance, since dynamic-RAM 
sensing is limited primarily by the amount of stored 
charge. Experimental results with C-H-MOS dynamic 
RAMs based on these principles show a soft-error rate of 
less than 300 FIT (failures in time, or device failures per 
billion hours) at a power supply of only 3 v. This is an 
improvement of more than three orders of magnitude 
over traditional n-MOS dynamic-RAM technology and of- 
fers the possibility of dynamic-RAM systems that require 


no error correction and that are compatible with low- 


voltage battery backup. 

High-density, high-performance static RAMs _ present 
the other side of the coin. The smallest static-RAM cells 
today are built using polysilicon-load resistors that sus- 
tain the stored-node voltage. On the time scale of an 
alpha event, however, these resistors in effect do not 
exist. Because the storage node’s RC time constant is on 
the order of milliseconds and the alpha event’s time scale 
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is nanoseconds, the cell appears dynamic. In this sense, 
polysilicon-load static-RAM cells are very similar to dy- 
namic-RAM cells. The major difference arises in the way 
the cells sense the cell’s information. The static-RAM cell 
provides a direct current, and to maximuze the cell’s 
performance, that current must be as large as possible 
while contained in a minimum area. Thus the chip de- 
signer must use high-gain n-channel transistors for the 
cell’s pass gates and pulldowns. For good soft-error pro- 
tection, then, the cell must be located in a p-well within 
an n-type substrate. 

The p-well approach benefits even full C-MOs six-tran- 
sistor static-RAM cells. The area of such cells depends 
strongly on the distance allowed between n- and p-chan- 
nel devices. Using a straightforward implementation of 
epitaxial C-MOS, the p-well approach provides more mar- 
gin against latchup at small n-to-p spacings (Fig. 3). 
This phenomenon occurs because of the differing diffu- 
sion properties of n- and p-type dopants. The heavy 
doping in the n-type substrate is less mobile than is the 
p-type dopant, resulting in less outdiffusion during ther- 
mal processing and thus minimizing the shunt resistance 
that controls latchup. 


Hooking it up 


One of the challenges of C-MOS in logic applications is 
interconnection. Designers of n-MOS chips are accus- 
tomed to buried contacts, which directly connect n-type 
polysilicon and n-type transistor source or drain regions. 
Because C-MOS requires contact to both p and n regions, 
the traditional n-type buried contact becomes much less 
useful, and a version suitable for both diffusion polarities 
is quite difficult to implement. This increases the burden 
on contact and metallization modules. 

For high-density C-MOS logic, the first level of metal is 
all but consumed by local connections between p and n 
transistors. The payback from adding a second level of 
metal for longer-distance routing is very high. A good 
example exists for the six-transistor static-RAM cell com- 
monly used by logic designers. Figure 4 compares sin- 
gle- and double-metal versions of this cell, both imple- 
mented with 1.5-um design rules. 
Here the second-metal layer provides 
the bit lines for the cell. Similar ar- 
guments justify the use of second 
metal in global power, clock, and 
data routing in complex microproces- 
sor chips. 

Contacts themselves are more dif- 
ficult to build in C-MOS. N-MOS tech- 
nology accustomed process engineers 
to adding a phosphorus contact plug 
after the contacts have been etched. 
This plug brought several advan- 
tages: the phosphorus gettered metal- 
lic contaminants from the wafer, re- 
ducing junction leakage; and the 
high-temperature diffusion rounded 
the profile of the contact sidewall, 
easing the step coverage of the metal 
subsequently deposited. Further, the 
plug had self-aligning features. If the 
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3. P-well margin. With an epitaxial substrate, a p-well structure (up- 
per curve) yields a greater margin against latchup than n-well at 
smaller n- and p-device spacings. 


contact etch attacked the silicon substrate or if the con- 
tact was misaligned toward the field-oxide edge, the plug 
would rejuvenate the resulting weakened junctions. In C- 
MOS, these same attributes must be obtained differently, 
through improved fabrication, cleanliness, new gettering 
techniques, improved dielectrics, and tightly controlled 
contact etching. Figure 5 shows the difference in imple- 
menting a 1.5-u4m contact structure in n-MOS and C-MOS. 

Along with the proliferation of C-MOS technologies has 
come a wave of innovation in C-MOS design techniques. 
For digital logic, the major contenders for broad use are 
full complementary design and domino logic, first pro- 
posed by AT&T Bell Laboratories (Fig. 6). For many 
applications, traditional C-MOS logic is a winner. It re- 
quires no clocks, has larger operating margins, and uses 
fewer transistors for simple gates. For more complex 
gates, however, domino logic uses fewer transistors and 
runs faster. The speed results from connecting fewer 
transistors in series and reducing gate-fanout loading by 


4. Payback. The use of double-metal layers for a six-transistor static-RAM cell can produce a 
large savings in real-estate. In two cells implemented with a 1.5-um design rules, the savings 
can amount to one third of the total area. The cell at right uses second-layer metal for bit lines. 
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up to a factor of two compared with full C-Mos. 
Interestingly, the choice of design style influences the 
optimal type of C-MOS well. The speed of full C-Mos is 
limited by the slower of the two transistor polarities. 
Since the trip point is quite close to half the power 
supply, the time required for either transistor type to 
discharge its load capacitance by about 2.5 V sets the 
gate’s speed. Since the p-channel device is the weaker 
one, it pays to choose a well type that improves the p- 
channel’s conductance. P-well does this because the p- 
device is fabricated in an uncompensated substrate and 
thus has maximum mobility. Comparisons between n- 


6. Logic. Two major con- 
tenders for digital logic 
' design are full comple- 
mentary (a) and domino 
logic (b). The former re- 
quires no clocks and is 
simpler for many applica- 
tions. Domino logic, 
which performs best in an 
n-well technology, is fast- 
er and simpler for more 
complex circuits. - 
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5, Making contact. Contacts are more diffi- 
cult to build in C-MOS than in conventional n- 
MOS. The phosphorous contact plug used in 
n-MOS after contact etching (a) adds desir- 
| able features such as reduced junction leak- 
age and improved step coverage by the metal 
layer. To gain the same advantages in C- 
MOS requires greater process control (b). 


| and p-well construction show that 
the p-channel’s conductance may be 
improved by as much as 10% with 
the proper well type. 

By contrast, domino logic is at its 
best in an n-well technology. Here, 
the n-channel transistor dominates 
both performance and _ transistor 
| count. Placing the n-channel device 
outside the well improves its conduc- 
tance and reduces the dominant par- 
asitic junction capacitance. Density 
also increases because no well con- 
tacts are required for the majority of 
the transistors. 

The twin-well approach to C-MOS 
| blurs these distinctions. In this ap- 
proach, a high-resistivity epitaxial 
layer is grown on a heavily. doped 
starting wafer. Then the doping for 
each transistor polarity may be inde- 
pendently optimized without need 
for doping compensation. Perfor- 
mance arguments based on mobility 
or junction capacitance thus become 
moot. Nonetheless, domino logic will 
still be best on a p-type substrate 
(equivalent to n-well) because it does 
not require well contacts to collect the large parasitic 
substrate currents from the n-channel transistors, thus. 
improving packing density. 


Matching process to product 


These and other technical arguments may be combined 
into a consistent strategy (Fig. 7) for creating a line of 
C-MOS processes serving a broad marketplace. For at 
least the next several years, a complete technology line 
must include C-MOS based on both p- and n-type sub- 
strates. Fortunately, choosing epitaxial-latchup control 
minimizes the development cost of running both process- 
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es. Dynamic RAMs are supported on the n-well side to 
minimize pattern sensitivities induced by substrate cur- 
rents while protecting the p-channel cell from soft errors. 
E-PROMS are built in a similar n-well C-H-MOS process. 
Placing Intel’s n-MOS E-PROM cell in an epitaxial p-type 
substrate eliminates parasitic effects caused by high sub- 
strate currents flowing during cell programming. 

Microcontrollers land on the n-well side also, so that 
they may incorporate on-chip E-PROM cells. Most micro- 
controller products come in two versions, one with on- 
chip E-PROM for system-development and manufacturing 
flexibility, and another with on-chip ROM for lowest cost. 
Using n-well C-MOS, a single core design can support 
both versions. Telecommunications and signal-processing 
products can also take advantage of the n-well E-PROM 
process, both for its high-quality polysilicon-polysilicon 
capacitors and for the E-PROM cell’s programmable fea- 
tures. High-performance static RAMS, whether six-transis- 
tor or polysilicon-load, can take advantage of a p-well 
C-H-MOS process. High-end microprocessors can key off 
the dense n-to-p packing and double-metal capability of- 
fered by the six-transistor static-RAM process. 

Because these processes are modular, development is 
simplified and manufacturing overhead is minimized. 
Just as all the 1.5-~m C-H-MOS III technologies share a 
common transistor module, the difficult contact module 
was developed once to be shared among all. Specialized 
features such as double polysilicon or double metal are 
extensions of the common base. 


The future 


C-MOS technology is still developing at a frenetic pace. 
Surprisingly, the application of some newer techniques 
and the demands of next-generation circuits may bring 
the various forms of C-MOS closer together, rather than 
further splitting the number of integrated processes. 

One example of this trend is the development of a 
trench-isolation technique for separating n and p devices. 
When this module is perfected, there will be no reason to 
develop six-transistor static-RAM cells on p-well technol- 
ogy. The near-ideal trench isolation will prevent latchup 
on either substrate type. Similarly, if stacked C-MOS stat- 
ic-RAM cells can be perfected, there will be no need for 
polysilicon loads. The stacked C-MOS cell will have the 
same density but with improved performance and soft- 
error immunity. At that time, twin-well C-MOS on a p- 
type substrate, augmented by specialized features for spe- 
cific product lines, will become the one approach to a 
broad line of C-MOS processes. 

Another factor affecting future C-MOS integration is the 
continued scaling of transistors. It is well known that the 
weaker p-channel transistor is graduaHy catching up on 
the n-channel device as channel lengths enter the submi- 
crometer region. Eventually, the performance differences 
may become so small that p- and n-channel devices will 
be used interchangeably. Before this level is reached, 
however, the 5-V power-supply standard must be re- 
duced. Because of the large base of TTL-compatible de- 
signs and the impossibility of converting the world to a 
new standard overnight, components operating from the 


new reduced supply will need to maintain TTL compati-. 


bility and also be able to operate in a system that mixes 


Electronics/May 3, 1984 


FULL C-MOS 

STATIC RAMs, 
MICROPROCESSORS, 
hee ee 
LOGIC 


DOUBLE 
METAL 


ADVANCED 
MICROCONTROLLERS 


DOUBLE 
METAL 


DOUBLE 
POLY- 


oat 
SILICON 


SILICON 


n-TYPE 
EPITAXIAL 
SUBSTRATE 


{ EPITAXIAL 
SUBSTRATE 


ADVANCED LITHOGRAPHY 
SCALED H-MOS II AND Ill DEVICES 


7. Technology tree. A relatively small line of C-MOS process varia- 
tions, or modules, can be matched to a wide variety of products to 
serve a broad marketplace. The broken lines indicate directions of 
potential future growth. 


MICRO- 
CONTROLLER 


older 5-V components with lower-voltage ones. An on- 
chip 5-to-3-V converter may be one way to solve the 
problem. This technique, however, will waste up to 40% 
of the total chip power within the voltage regulator. 

C-MOS technology provides an elegant solution because 
it can drive TTL-compatible output levels from a system 
power supply as low as 3 V. Since TTL levels are refer- 
enced to the negative (ground) rail, the grounded sub- 
strate offered by n-well C-MOS 1s a much-preferred means 
of integrating submicrometer transistors into such a sys- 
tem. This will be a strong motive to standardize on p- 
substrate C-MOS. | 

A final factor that tends to drive future C-MOS process- 
es toward commonality is the growing importance of RC 
delays in overall chip performance. The latest high-per- 
formance static RAMS use an aluminum strap in parallel 
with the polysilicon word line because the RC delay 
induced by even the best refractory metal polycides is 
several nanoseconds too long. Studies of dynamic RAMS 
larger than 1 megabit similarly indicate that refractory 
word lines will probably be inadequate, forcing the tech- 
nology to support two layers of metal. Combining these 
observations with those made previously regarding the 
evolution of static-RAM cells leads to the conclusion that 
most future C-MOS technologies will have two layers of 
polysilicon as well as two layers of metal. 

The development of silicon-on-insulator technology is 
the one major factor that could renew the divergence of 
C-MOS approaches in the future. However, until the quali- 
ty of SOI substrates 1s adequate to support dynamic RAM 
and E-PROM cells, and not just static logic, it will not 
play a major role in a broad-based and modular technol- 
ogy strategy. . Se 


1-5 


Memory Components | 


Tal I’ PRELIMINARY 


51C64H 
HIGH PERFORMANCE RIPPLEMODE™ 64K X 1 
CHMOS DYNAMIC RAM 


51C64H-8 51C64H-10 51C64H-12 
Maximum Access Time (ns) 80 120 


Maximum Column Address Access Time (ns) 


ae 


= Ripplemode Operation mw Fast ‘‘Usable Speed’’ 
— Continuous data rate over 18 MHz — trac = 140 ns 
— Random access within a row — tcac = 20 ns 
— Flow through column latch for pipelining — trcp = 30 ns min./60 max. 
= Low Operating Current — 45 mA mw Fully TTL Compatible 
= Low Input/Output Capacitance m High Reliability Plastic — 16 Pin DIP 


The Intel@51C64H is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel’s CHMOS ill-D 
technology, the 51C64H offers features not provided by an NMOS dynamic RAM: Ripplemode for high data 
bandwidth and fast usable speed. All inputs and outputs are fully TTL compatible and the input and output 
capacitances are significantly lowered to allow increased system performance. 


Ripplemode operation allows random or sequential access of up to 256 bits within a row, with cycle times 
as fast as 55 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. 
The flow through column latch allows address pipelining while relaxing many critical system timing require- 
ments for fast usable speed. These features make the 51C64H ideally suited for cache based mainframe and 
mini computers, graphics, digital signal processing, and high performance microprocessor systems. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


RAS ROW ADDRESS STROBE _ 


nic C1 Vss CAS _ COLUMN ADDRESS STROBE 
Pn lj 2 | CAS WRITE ENABLE 

WE 1 3 Dout 
RAS C14 Ae Ao-A7 ADDRESS INPUTS 

Ao [] 5 As DATA IN 

A2 6 Ag 

| DoutT DATA OUT 
Ay | 7 | As : 
Vpp 8 Az POWER (+ 5V) 
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intel 


51C64H 


PRELIMINARY 


ABSOLUTE MAXIMUM RATINGST 
Ambient Temperature Under 
Bias 324 cise atin aes -10°C to +80°C 
Storage Temperature ....Plastic —55 to + 125°C 
Voltage on Any Pin except Vpp and Dout 
Relative to Vsg ..........0 eee. -—2.0V to 7.5V 


Voltage on Vpp Relative to Vss_ ... — 1.0V to 7.5V 
Voltage on Dour 

Relative to Vss .......... —2.0V to Vop + 1V 
Data Out Current........... 0. cece 50 mA 
Power Dissipation .............00 eevee -1.0W 


D.C. CHARACTERISTICS' 


TCOMMENT 

Stresses above those listed under “‘Absolute Maxi- 
mum Rating’ may cause damage to the device. This 
is a stress rating only and functional operation of the 
device at these or at any other conditions above or be- 
low those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


Ta =0°C to 70°C, Voy = 5V + 10%, Vsg = OV, unless otherwise noted. 


Vpp Supply Current, 
Ibo: Operating 


Vpop Supply Current, TTL 
RAS-Only Refresh 


Vpp Supply Current, 
loos |: Ripplemode™ 


Vop Supply Current, 
Standby, Output Enabled 


Input Load Current 
[toi | ; 
(any pin) 
ico! Output Leakage Current for ~ 
re High Impedance State 
V Input Low Voltage 
IL 
(all inputs) 
Vin ia High Voltage 
| (all inputs) 
| Vow | Output Low Voltage 
| Von | Output High Voltage 4 


NOTES: 
1. All voltages referenced to Vss. 
. Typical values are at Ta=25°C and Vop= + 5V. 


=a]/o 
N | © 


= = eee 
{| 33 | 45 


|| 27 | 37_| mA_| tro=tactmin), for ~ 10 specification 
eee 


| Vop Supply Current, TTL | RAS and CAS at Vin, all other 
Standby inputs and output >Vss 


ao |; = WO}, a; Qi + 
oO } OO a;rni a NY] oO 


< 
is) 
0 
+ 
=k 


trac = tno teofmin) for ~8 specification [tac =tao(min), for 8 specification | -8 sitll 


tac = trc(min), for -8 specification 
tac= — for — 10 senate 


| RAS at Vin, CAS at Viz, all other 
inputs and output = Vss 


[afew 


fe and CAS at Vin, 
out = Vss to Vop 


lon= -5 mA 


2 

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open. 

4. lbp is dependent upon the number of address transitions while CAS is at Vii. Specified Ipp (max) is measured with a max- 
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode. 


on 


. Specified Vi. (min) is steady state operation. All A.C. parameters are measured with Vi, (min) =Vsg and Vin (max) <Vpp. 


6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads 


and 50 pF. 
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CAPACITANCET tNOTE: 
Ty = 25°C, Vpp =5V + 10%, Veg = OV, unless other- Capacitance is measured at worst case voltage lev- 
wise noted. els with a programmable capacitance meter. 


[Symbot | Parameter | Typ. | Max | Unit 
Cs 
one | RAS, CAS WE] «| 5 | oF 


A.C. CHARACTERISTICS 1.2.3 
Ty, =0°C to 70°C, Vop = 5V + 10%, Vgg = OV, unless otherwise noted. 


Read, Write, Read-Modify-Write and Refresh Cycles 


51C64H-8 51C64H-10 | 51C64H-12 
i P 


ison [ts [RAS Paw wish | 00 [75000] 100 | 5000] 120 | 76000] v= | 


tare | tae | RAS Precharge Time 
CAS Hold Time 


tRAH | Row Address Hold Time 1 
CAS Precharge Time 10 


AS 


— — | 8 
8[2|3lole|sfolalalo 
i 
Ba 
nh 
DD 
| oe 
iss) 
f 
QO 
D 
me) 
O 
> 
” 
- 
Oo 
BS) 
> 
wn 
Uv 
on) 
© 
(?) 
Ss 
re) 
= 
ve) 
oO 
et 
3 
| © 
B 
Oo 


ba | 


oO 
Canal 
E 
< 
@) 
- 
nr 
-e 
Sp 
n 
U 
QO 
o 
Cc 
3 
S 
> 
a 
a 
= 
@ 
” 
” 
ee) 
© 
- 
Cc 
TO 
a 
3 
@O 


i 

Tin [tue [Cour Aes Tre Fon S| 0 
ns [nr | Tre Boron Fefasn | 
T i 

fe 20 

| 0 


Transition Time (Rise and Fall) 
3 | toLrax |ton Output Buffer Turn On Delay 
4 Output Buffer Turn Off Delay | 


N 

1. All voltages referenced to Vss. 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 4 ms). 

3. A.C. Characteristics assume tr = 5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 
Vit (min) =Vsg and Vin (max) sVpp. 

4. trop (max) is specified for reference only. 

5. tr is measured between Vin (min) and Vi, (max). 


as 
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A.C. CHARACTERISTICS (Con’t.) | 
Read Cycle 7 


[sor [ime [Access Tine Fom RAS ——__—| 
Access Time From Coiumn Address 
crim | an [RAS Hold Time Read Cycle) | 


tcar Column Address to RAS Set-up Time 


Read Com. Hold Time Ref. to CAS 
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Parameter 


31 Data-in Set-up Time 


NOTES: 

6. Assumes that tacp strep (max). If tacp > tacp (max), then trac will increase by the amount that tacp exceeds tracp (max). 
7. Assumes trcp 2 t rcp (max). 

8. If tasc <(tcaa (Max) - tcac (max) — tr), then access time is defined by tcaa rather than by tcac. 

9. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns. 

10. Either tacy or tary must be satisfied. 

11. twes, tawp, town and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write 
cycle (early write cycle) and the data out pin will remain in high impedence throughout the entire cycle. If tewp = tcwp (min) 
and tawp = trwp (min) and tawp 2 tawo(min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 
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A.C. CHARACTERISTICS (Con’t.) 
Read-Modify-Write Cycle 12 


JEDEC 
# 


Read-Modify-Write (RMW) Cycle Time 
RMW Cycle RAS Pulse Width | 110 175000] 135 175000} 160 {75000 


RMW Cycle CAS Pulse Width 


JEDEC Parameter 
Symbol 


tcH2av Access Time From Column Precharge 
Ripplemode Read or Write Cycle 


NOTES: 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 

13. twcs, tawo, tewo and tawp are specified as reference points only. If twos =twcs (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tewo = tewp (min) and 
tawo = tawp (min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate. 

14. All previously specified A.C. Characteristics are applicable. 

15. Access time is determined by the longer of tcaa Or tcac OF tcap. 

16. Whena Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns. 
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WAVEFORMS 


Read Cycle 


Vin a 
RAS 
Vit b 
tor i) 
Vino 
CAS 
Virb 
a Vin a 
WE 
Vit b 
tas (5) 
Vin a 
Ao-Az 
Vii b 
Vou c 
Dour 
Vou d 
NOTES: 
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tesu (4) 
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toaa (17) 
trac (15) 
: HIGH IMPEDANCE 
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ton (13) 


a., b. Vi (min) and Vi. (max) are reference levels for measuring timing of input signals. 
c., d. Vou (min) and Vo, (max) are reference leveis for measuring timing of Dour. 
e. Either tracy or tany must be satisfied. . 
f. toge is measured to lout < | !Lol- 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 


Vint a 
RAS 
Vit b 
Vin a 
CAS 
Vic b 
a Vin a 
WE 
Vit b 
Vin a 
Ao-A7 
Vit b 
Vin a 
Din 
Vib 
v 
Dout OH c 
Vou a 
NOTES: 


tac (2) 
tras (1) t— trp (3) 
tasHiw) (24) 
t 
t 
— —+———-twen (30) _ 
», Se 6; Sn 
~t— tasc (10) $$» oan (11) 
tos (31) tou (32) 
CCCCCOCC (Ce COCCC CCC CCC ECE UETECUULE 
HIGH IMPEDANCE 
C1581 


a., b. Vin (min) and V;, (max) are reference levels for measuring timing of input signals. 
c., d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 
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_ WAVEFORMS (Cont.) 
Write Cycle (WE Controlled)f 


tac (2) 


tras (1) 


Vin a 
RAS 
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[a Vin a” 
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7 Vin a 
WE 
Vit b 
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Vin a 


Vit b 


tos (31) >] — tou (32) — 
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Vou c HIGH: IMPEDANCE HIGH IMPEDANCE 
Dout ‘ DATA NOT VALID , 


Vv 
si C1582 


NOTES: 
a., b. Vin (min) and V\, (max) are reference levels for measuring timing of input signais. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. tore is measured to lour< | Ito]. 
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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WAVEFORMS (Cont.) 
Read/Modify/Write Cycle 


tawe (33) 
:; a ea a TRP (3) 
AAS IH a 
Vit b 
‘CRP (8) top (7) 
ss Vinta 
CAS 
me Pea ane (26) 
trwo (36) tow (27) 
_ Vita 
WE 
Vit b 
tawb (38) 
t 
Vina pals =e 
we eC | 
- tasc (10) > | ; | 
> tox (32)f 
Vis =e - a iets _ a : = oe —_ : 
me KXXXARKAKKXKAKAAXAR AXA 2878 OOOO AKA KAKA KAA 
t hg 
en (17) tore (14) | 
; trac (15) 
Vou d & . : 
tow (13) C1583 
NOTES: 


a., b. Vin (min) and V\, (max) are reference levels for measuring timing of input signals. 
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Dour. 

@. tors is measured to loyr< | Io. 

f. tps and tpy are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 
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Vou a 
C1584 


NOTES: 
a., b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
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WAVEFORMS (Cont.) = 
Ripplemode Read Cycle & 
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C1565 


NOTES: 
a., b. Vin (min) and V\, (max) are reference levels for measuring timing of input signals. 
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Dour. 

e. Either tacy Or tan must be satisfied. 

f. torr is measured to lout S {Ito}. 
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WAVEFORMS (Cont.) | 
Ripplemode Write Cycle (CAS Controlied)e 
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NOTES: 
a., b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column addresses and data-in. 
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WAVEFORMS (Cont.) — 
Ripplemode Write Cycle (WE Controlled)f 
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NOTES: 
a., b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. tore is measured to loyrs | lio]. 
f. CAS is low prior to or simultaneously with WE low transition. CAS latches the column addresses while WE latches the data-in. 
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WAVEFORMS 
Ripplemode Read/Modify/Write Cyclef 
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a., b. Vin (min) and V;, (max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 


@. torr | is measured to lour< r= |hol. 
f. CAS is low Prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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WAVEFORMS 
Ripplemode Read/Write/Read. . . Cycle (CAS Controlled)f 
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f. WE is low prior to CAS low transition. CAS latches column addresses and data-in. 


g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 12 for timings. 


tap (3) 


Pu 


H?v9DLS 


} 


wee 


é 


EWN 


\ 
a 


it 


Ql-¢ 


Ripplemode Read/Write/Read...Cycle (WE Controlled)‘ 
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a., b. Vin (min) and V,..(max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. tore is measured to Jour = \ILo|- 
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in. 
g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 13 for timings. 
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FUNCTIONAL DESCRIPTIONS 


The 51C64H is a CHMOS dynamic RAM optimized for 
high data bandwidth applications. The functionality is 
similar to a traditional dynamic RAM. The 51C64H 
reads and writes data by multiplexing a 16 bit address 
into an 8 bit row and an 8 bit column address. The row 
address is latched in by the Row Address Strobe 
_ (RAS). The column address, however, flows through 
the internal address buffer_and is latched by the 
Column Address Strobe (CAS). Because access time 
is primarily dependent upon a valid column address, 
the delay time between RAS and CAS can be long 
without affecting the access time. 


Memory Cycle 


The memory cycle is initiated by bringing RAS low. 
Any memory cycle once initiated must not be ended 
or aborted prior to fulfilling the minimum taas timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tap and 
tcp, has elapsed. 


Read Cycle 


A read cycle is performed by maintaining the Write 
Enable (WE) signal high during the RAS/CAS opera- 
tion. The column address must be held for a minimum 
time specified by tay. Data out becomes valid only 
when trac, tcaa, and tcac are all satisfied. Conse- 


quently, the access time is dependent upon the timing 


relationship among trac, teaa and tcoac. For example, 
the access time is limited by toca, when trac and teac 
are both satisfied. 


Write Cycle 


A write cycle is performed by taking WE and CAS low 
during a RAS operation. The column address is 
latched in by CAS. The write cycle can be WE con- 
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the input 
data must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the ang edge of WE occurs prior to or 


as VALID COLUMN ADDRESS ( 
VALID 


Figure 1. Ripplemode™ Access Time Determination 
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coincident with the CAS low transition) the output 
(Doyr) pin will be in the high impedance state at the 
beginning of the write function. Terminating the write 
action with CAS will maintain the output in the high im- 
pedance state; terminating with WE allows the output 
to go active. 


Refresh Cycle 


To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (Aj through 
Az) with RAS at least every 4 milliseconds. Any Read, 
Write, Read-Modify-Write, or RAS-Only cycle will per- 
form refresh. 


Ripplemode™ Operation 


Ripplemode operation permits all 256 columns within 
a selected row of the device to be randomly accessed 
at a high data rate. Maintaining RAS low while succes- 
sive CAS cycles are performed, retains the row ad- 
dress internally, eliminating the need to reapply it. The 
column address buffer acts as a transparent or flow 
through latch while CAS is high. Access begins from 
the valid column address rather than from CAS, 

eliminating tagc and ty from the critical timing path. 

CAS latches the addresses into the column address 
buffer and acts as an output enable. 


During this operation read, write, read-modify-write, 
or read-write-read cycles are possible at random or se- 
quential addresses within a row. Following the entry 
cycle into Ripplemode operation, access time is tcaa 
or tcap dependent. If the column address is valid pri- 
or to or coincident with the rising edge of CAS, then 
the access time is determined by the rising edge of 
CAS specified by tcap as shown in Figure 1. If the 
column address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tcoa,. For both cases, 
the falling edge of CAS latches the address and ena- 
bles the output. 


Ripplemode operation provides a sustained data rate 
over 18 MHz for applications that require high data 
rate such as bit mapped graphics or high speed sig- 
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nal processing. The following equation can be used 
to calculate the data rate: | 


256 
Data Rate = tac + 255 tpo 


Data Out Operation 


The 51C64H data Output (Doy7), which has three- 
state capability, is controlled by CAS . During CAS high 
state (CAS at V),,), the output is in the high im- 
pedance state. Table 1 summarizes the Doyr state 
for various types of cycles. 


Power On 


An initial pause of 100 us is required after the appli- 
cation of the Vpp supply, followed by a minimum of 


device would go into an active cycle and Ipp would 
exhibit large current transients. It is recommended 


_ that RAS and CAS track with Vpp or be held at a valid 


eight initialization cycles (any combination of cycles, 


containing a RAS clock such as RAS-Only refresh). 
Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 4 ms). - 


The Vpp current (Ipp) requirement of the 51C64H dur- 
ing power on is dependent upon the input levels of 


RAS and CAS. If RAS = Vgg during power on, the 


Vi during power on. 


Soft Error Rate 


Soft errors are random, non-recurring changes in 
memory logic states caused by the impact of an ioniz- 
ing particle, such as an alpha particle. For example, 
a logic ‘‘0’”’ may change to a logic ‘‘1’’. The average 
soft error rate (SER) of the 51C64H is less than 10 
FITs. This is determined by accelerated testing using 
an alpha particle source and is subsequently con- 
firmed by system testing. The SER is a function of the 
operating voltage, cycle time, package, and the alpha 
particle source. Intel measures the SER at 
Vop =4.75V, and teycie = 1us. A thorium source of 
1.6 x 105 a/cm2/hr. is used because it best matches 


_the package energy spectra. 


References 


For further details see Application Note (A.P.) #171, 
Low Power with CHMOS DRAMS, and A.P. #172, 
CHMOS DRAMS in Graphics Applications. 


Table 1. Intel 51C64H Data Output Operation for Various Types of Cycles 


Data from Addressed Memory Cell 
High Impedance 


Read-Write-Read Cycle (CAS Controlled) 


CAS-Only Cycle | 


Active, Not Valid 


High Impedance 
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51C64L 
LOW POWER 64K X 1 
CHMOS DYNAMIC RAM 


51C64L-10 51C64L-12 


Maximum Access Time (ns) 


Maximum CHMOS Standby Current (mA) Se 


m Low Power Data Retention m Fully TTL Compatible Inputs and Outputs 
— Standby current, CHMOS — 50,A (max.) 
— Refresh period, RAS-Only — 64 ms (max.) m Low Input/Output Capacitance 


— Data retention current — 80uA (max.) 


m Low Operating Current — 35mA (max.) mw High Reliability Plastic — 16 Pin DIP 


The Intel® 51C64L is a low power 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel’s 
CHMOS IIl-D technology, the 51C64L offers features not provided by an NMOS dynamic RAM: CHMOS standby 
current and extended RAS-Only refresh for low data retention power. All inputs and outputs are fully TTL com- 
patible and the input and output capacitances are significantly lowered to allow increased system performance. 


The 51C64L offers a maximum standby current of 50 hA when RAS =Vpp-0.5V. During standby (i.e. refresh 
only cycles) the refresh period can be extended to 64 ms to reduce the total current required for data retention 


to less than 80 »A (max). The 51C64L combines low power with high density for portable and battery backup 
applications. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


| RAS ROW ADDRESS STROBE 


nic C] Vss 


= CAS COLUMN ADDRESS STROBE 
E OUT —_ 
Bais . WE WRITE ENABLE 


Ao A3 


Ao-A7 ADDRESS INPUTS _ | 


A2 Aa Din DATA IN | 
Ai As 
ve, ie Dout DATA OUT | 
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| 8 


Vop —— POWER (+5V) 
Vss GROUND 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Ciruitry Embodied in an Intel Product. No Other Circuit 
Patent Licenses are Implied. 
©Intel Corporation, 1984 June 1984 
Order Number: 280025-001 
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ABSOLUTE MAXIMUM RATINGSt 


Ambient Temperature Under 
BIAS 28 eed ot Gk clotted -10°C to +80°C 
Storage Temperature. ..Plastic -55°C to + 125°C 
Voltage on Any Pin except Vpp and Dour | 
Relative to Vgg..........-2002.. -2.0V to 7.5V 


Voltage on Vpp Relative to Vgg..... -1.0V to 7.5V 
Voltage on Doyrt 

Relative to Vss Swi sige avd) Bh en BAe. =-2.0V to Vop + 1V 
Data Out Current...................... 50 mA 
Power Dissipation...................... 1.0W 


D.C. CHARACTERISTICS! 


TCOMMENT: 

Stresses above those listed under ‘‘Absolute Maxi- 
mum Rating’’ may cause permanent damage to the 
device. This is a stress rating only and functional oper- 
ation of the device at these or at any other conditions 
above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Ta =0°C to 70°C, Vpp = 5V + 10%, Vgg = OV, unless otherwise noted. , 


51C64L 


Vpp Supply Current, 
Standby, Output Enabled 


fo) 
Oo 
© 
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NOTES: 
1. All voltages referenced to Vss. . 
. Typical values are at Ta = 25°C and Vpp= +5V. 
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Test Conditions Ne 


tac =trc (min), for — 10 specification 


tac = tac (min), for — 12 specification 


RAS and CAS at Vin, all other 
inputs and output = Vss 


tac =trc (min), for — 10 specification 
tac =trc (min), for — 12 specification | 


RAS at Vin, CAS at Vic, all other 
inputs and output = Vss 


RAS =Vpp —0.5V and CAS at Vin, 
all other inputs and output = Vss 


LA 


mA 


mA 


0.05 


AS and CAS at Vin, 


{ R 
Dout = Vss to Vop 


2 

3. lbp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open. 

4. Ipp is dependent upon the number of address transitions while CAS is at Vin. Specified Ipp (max) is measured with a max- 
imum of two transitions per address input per random cycle. 

5. Specified Vi_ (min) is steady state operation. All A.C. parameters are measured with Vi_ (min) =Vsg and Viy (max) <Vpp. 

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads 


and 50 pF. 
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CAPACITANCE? tNOTE: 
T, = 25°C, Vpop = 5V + 10%, Vg = OV, unless other- Capacitance is measured at worst case voltage lev- 
wise noted. 7 els with a programmable capacitance meter. 


[oni 


Court 


A.C. CHARACTERISTICS": 2: 3 
Ty, =0°C to 70°C, Vop = 5V + 10%, Vgg = OV, unless otherwise noted. 


Read, Write, Read-Modify-Write and Refresh Cycles 


51C64L-12 
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T 


—_ 
1) 


[tr [tr _| Transition Time (Rise and Fall) 
S| taxox [tox [Output Buiter Turn On Delay 


NOTES: 

1. All voltages referenced to Vss. 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex- 
tended periods of bias without clocks (greater than 64 ms). 

3. A.C. Characteristics assume t; =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 

Vit (min) =Vss and Vin (max) < Vpp. 

. tacp (max) is specified for reference only. 

5. The 51C64L extends the refresh period to 64 ms during RAS-Only refresh operation. 

6. tr is measured between Vix (min) and Vi, (max). 
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A.C. CHARACTERISTICS (Con’t.) 
Read Cycle 


sf fe 


25 | 75000 


000 | 5 
Cf 
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23 © 


| 51C64L-10 | 51C64L-12 


RAS Hold Time (Write Cycle) 


GAS Pulse Width (Write Cycle) 


twuiRHt tRWL Write Command to RAS Lead Time 
tow. Write Command to CAS Lead Time 


Write Command Pulse Width | 


Write Command Ser-up Time | 


8 


Write Command Hold Time 


Data-in Set-up Time 
Data-In Hold Time . 20 
NOTES: | 


7. Assumes that tacp =trcp (max). If tacp >tacp (max) then trac will increase by the amount that trcp exceeds tracp (max). 
8. Assumes trop = taco (max). 

9. If tasc <(tcaa (Max) - tcac (Max) - tr), then access time is defined by tca, rather than by tcac. 

0 

{ 


| =z 


. Either taco or taro must be satisfied. F 

. twos, trwo, tcwo and tawo are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the date out pin will remain in high impedance throughout the entire cycle. If towp =tcwp (min) and 
tawp=trawo (min) and tawp = tawp (min), then the cycle isa read-modify-write cycle and the data out will contain the data read 
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 
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A.C. CHARACTERISTICS (Con’t.) 
Read-Modify-Write Cycle 12 


51C64L-10 51C64L-12 
JEDEC | S1C64L-10 
Parameter 
sae sms] ema 


[mex_[ min. 
[a [rane [mc | Reostoaiywrie Gy Orie Tine [95 | | 250 
ad a ee 
[5 [ecsonrann [ow | RW Oye GAS Puce wan | 56 [76000 | 65 _ 
RAS OWE Doe Ss | «dO 
[Ta 
fs 


Time 
[a7 [me [ew | CAS WE Dewy id 
[22 [me [oo | Cour aasress © WE Dear | 55 


NOTES: 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 

13. twos, tawp, tcwo and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write 
cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tewp = towp (min) 
and trawp = trwo (min) and tawp = tawp (Min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If any of the above conditions are not satisfied, the condition of data outis indeterminate. 
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WAVEFORMS 
Read Cycle 
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NOTES: 
a., b. Vin (min) and Vi. (max) are reference levels for measuring timing of input signals. 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 
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tac (2) 
tras (1) trp (3) 
tasHiw) (24) 
tosH (4) 
‘cr (8) tren (9) —_——— teas) (25) -tep (7) 
ise aad 
a tawe (26) 
nea twcu (30) 


tar (12) 
Cm KX Xx 
row KKM | cm KK 


tasc (10) tCAH (11) 
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HIGH IMPEDANCE 
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a., b. Vin (min) and Vi, (max) are reference levels for measuring timing of input signals. 
c., d. Von (min) and Vo, (max) are reference levels for measuring timing of Doyr. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 
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WAVEFORMS (Cont.) 
Write Cycle (WE Controlled)f 


Ag-Az 


Dout 


Vin a 


Vi b 


Vin a 


Vit b 


Vin a 


Virb 4, 


Vin a 


Vit b 


Vin a 


Vit b 


Von c 


Vou a 


NOTES: 
a., b. Viy (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 

@. tore is measured to lout < | Ito. 


tre (2) 
tras (1) trp (3) 
— trsH(w) (24) 
tesu (4) 
tcp (8) tne 6) tcascw) (25) top (7) oman 
; i reece eee tw (26) 
taser (5)-4 tRaH (6) 
V/\3 / 
( ROW KX COLUMN A 
tos (31) ton (32) 


XXXXXKXXKKKLKKKKKKK | vm __-XKXXKKAKKRK KKK KKK KKK KK KKKK KEK 


<a— ton (13) torr (14)¢ 


HIGH IMPEDANCE : J 
( DATA NOT VALID , 


f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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60-c 


WAVEFORMS (Cont.) 
Read/Modify/Write Cycle 


trawe (33) 
trRw (34) tap (3) 
ss Vita 
RAS 
Vit b 
torp (8) top (7) 
exe Vina 
Virb. 
tcwo (37) $$$ $$ _____—_—_'rwe (26) 
trwo (36) tewe (27) 
<+—_———-_ twp (28) 
— Vina 
WE 
Vit b 
tawp (38) 
Vin a 
Ag-Az 
Vit b 


fee ae See eae 


Vit b 


toac (16) 
tcaa (17) 
trac (15) 
Vou ¢ HIGH IMPEDANCE aes 
Dour. x DATA OUT 
ton (13) 
C1583 
NOTES: 


a., b. Vin (min) and V;, (max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 

@. torr is measured to lout < | Io}. 

f. tps and tp, are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 


RAS 


CAS 


Ag-Az 


tre (2) 
tras (1) ~<t#—— trp (3) 
Vint a ; 


Vit b 
torp (8) - 


Vina 


Vit b 


we XXXXKXXXXXXXXKXAXAKKARKARKAKKAKKAKARKAKXAXRAKLAXKAKAKXAKAKXAKKAKKAKAK 


tasr (5) tRAH (6) 


a 
XXX KKK KKK KAKA KKK AKA 


Vou c HIGH IMPEDANCE 


Vin a 


RXXKXKXXKXAKKXKRXEKKAKEKE 


Vit b 


Vou d 
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NOTES: . 
a., b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
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GRAPH 1 GRAPH 2 GRAPH 3 
TYPICAL ACCESS TIME TYPICAL ACCESS TIME TYPICAL CURRENT TRANSIENTS 
trac (NORMALIZED) vs. Vop taac(NORMALIZED) vs. T, di/dt vs. Vop 


s S 
Ts) tn 
i nN es 
a 
= \s £ 
g y E 
= e = 
= = 5 
3 e 3 
0 20. 40 60 80 
Vop-SUPPLY VOLTAGE(V) T,-AMBIENT TEMPERATURE (°C) Vop-SUPPLY VOLTAGE (V) 
GRAPH 6 
TYPICAL OPERATING CURRENT 
I vs. 1/t 
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GRAPH 9 
AVERAGE TOTAL CURRENT 
loa VS. try (trer/256) 
GRAPH 7 GRAPH 8 
TYPICAL REFRESH CURRENT TYPICAL REFRESH CURRENT tree TIME BETWEEN REFRESH (mS) 


loos VS. Voo lpp3 VS. Ta 4 16 32 48 64 


Vop = 5.0V 


t = 100 ns 
= Vras = Vpp — 0.5V 


Ta =25°C 


tras = 100 ns 


lop3-REFRESH CURRENT (mA) 
lpp3- REFRESH CURRENT (mA) 


Ippa- AVERAGE TOTAL CURRENT (,:A) 


4.0 4.5 5.0 5.5 6.0 0 65 130 195 260 
Vop-SUPPLY VOLTAGE (V) T,-AMBIENT TEMPERATURE (°C) ta, = REFRESH INTERVAL (,:S) 
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lop2- TTL STANDBY CURRENT (mA) 


lpps-CHMOS STANDBY CURRENT (;:A) 


Vop-SUPPLY VOLTAGE (V) 


| GRAPH 13 
TYPICAL CHMOS STANDBY CURRENT 
loos vs. Ta 


T,-AMBIENT TEMPERATURE (°C) 


Ipp2-TTL STANDBY CURRENT (mA) - 


Io,-OUTPUT SINK CURRENT (mA) 


loos-STANDBY CURRENT (mA) 


T,-AMBIENT TEMPERATURE (°C) 


GRAPH 14 
TYPICAL OUTPUT SINK CURRENT 
lo. VS. Vor 


0.0 0.5 1.0 1.5 
Vo.-OUTPUT VOLYAGE (V) 


GRAPH 16 
AVERAGE STANDBY CURRENT 
RELATIVE TO RAS VOLTAGE 


loos VS. Vras 


2.5 3.0 3.5 4.0 
Vaas-RAS VOLTAGE (V) 
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loy-OUTPUT SOURCE CURRENT (mA) 
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GRAPH 10° - GRAPH 11 GRAPH 12 
TYPICAL TTL STANDBY CURRENT _ TYPICAL TTL STANDBY CURRENT TYPICAL CHMOS STANDBY CURRENT 
'po2 VS. Voo lpp2 VS. Ta loos VS. Voo 
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Vop-SUPPLY VOLTAGE (V) 


GRAPH 15 
TYPICAL OUTPUT SOURCE CURRENT 
lou VS. Von 


Von-OUTPUT VOLTAGE (V) 


C1492B-V 


intel’ 


51C64L 


PRELIMINARY 


FUNCTIONAL DESCRIPTIONS 


The 51C64L is a CHMOS dynamic RAM optimized for 
low power applications. The functionality is similar to 
a traditional dynamic RAM. The 51C64L reads and 
writes data by multiplexing a 16 bit address into an 8 
bit row and an 8 bit column address. The row address 
is latched in by the Row Address Strobe (RAS). The 
column address, however, flows through the internal 
address buffer and is latched by the Column Address 
Strobe (CAS). Because access time is primarily depen- 
dent upon a valid column address, the delay time be- 
tween RAS and CAS can be long without affecting the 
access time. 


Memory Cycle 


The memory cycle is initiated by bringing RAS low. 
Any memory cycle once initiated must not be ended 
or aborted prior to fulfilling the minimum tras timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tap and 
tcp, has elapsed. 


Read Cycle 


A read cycle is performed by maintaining the Write 
Enable (WE) signal high during the RAS/CAS opera- 
tion. The column address must be held for a minimum 
time specified by tang. Data out becomes valid only 
when trac, tcaa, and tcac are all satisfied. Conse- 
quently, the access time is dependent upon the tim- 
ing relationship among trac, tcaa and tcoac. For 
example, the access time is limited by toa, when trac 
and tcac are both satisfied. 


Write Cycle 


A write cycle is performed by taking WE and CAS low 
during a RAS operation. The column address is 
latched in by CAS. The write cycle can be WE con- 
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the input 
data must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leading edge of WE occurs prior to or 


coincident with the CAS low transition) the output. 


(Dout) pin will be in the high impedance state at the 


beginning of the write function. Terminating the write 
action with CAS will maintain the output in the high im- 
pedance state; terminating with WE allows the output 
to go active. 


Refresh Cycle 


To retain data, a refresh operation is perfot.:ned by 
clocking each of the 256 row addresses (Aj) through 
A-) with RAS at least every 4 milliseconds. Any Read, 
Write, Read-Modify-Write, or RAS-Only cycle will per- 
form refresh. 


Extended Refresh Cycle 


The 51C64L extends the refresh cycle period to 64 mil- 
liseconds for RAS-Only refresh cycles. This feature 
reduces the total current consumption to a maximum 
of 80 micro Amperes, and typically 15 micro Amperes, 
for data retention (RAS-Only refresh operation for the 
51C64L-12). The low standby current can significantly 
extend battery life in battery back-up applications. 
Current consumption is calculated from the following 
equation: 


| = (tre lactive) + (tri ~ thc) (IstanoBy) 
tri 


where tac = refresh cycle time, 
and ta, =refresh interval time or tae-/256 


Before entering or leaving an extended refresh peri- 
od, the entire array must be refreshed at the normal 
interval of four milliseconds. This can be accom- 
plished by either a burst or distributed refresh. 


Data Out Operation 


The 51C64L Data Output (Doy;, which has three- 
state capability, is controlled by CAS. During CAS high 
state (CAS at Vj), the output is in the high im- 
pedance state. Table 1 summarizes the Doyz State 
for various types of cycies. 


Power On 


An initial pause of 100 us is required after the appli- 
cation of the Vpp supply, followed by a minimum of 
eight initialization cycies (any combination of cycles 


Table 1. Intel 51C64L Data Output Operation for Various Types of Cycies 


| CAS Controlled Write Cycle (Early Write) 


| Type of Cycle 
Read Cycle 


Data from Addressed Memory Cell 


Data Out State 
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WE Controlled Write Cycle (Late Write) 
Read-Modify-Write Cycle - 
RAS- Only Refresh wee 
CAS- Only Cycle 


intel 


containing a RAS clock such as RAS-Only refresh). 
Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 64 ms). 


The Vpp current (Ipp) requirement of the 51C64L dur- 


ing power on is dependent upon the input levels of 


and CAS. If RAS = V,, during power on, the 
device would go into an active cycle and Ipp would 
exhibit large current transients. It is recommended 
that RAS and CAS track with Vpp or be held at a valid 
Vi during power on. | 


Soft Error Rate 


Soft errors are random, non-recurring changes in 
memory logic states caused by the impact of an ioniz- 
ing particle, such as an alpha particle. For example, 


51C64L 
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a logic ‘‘0’’ may change to a logic ‘‘1’’. The average 
soft error rate (SER) of the 51C64L is less than 10 
FITs. This is determined by accelerated testing using 
an alpha particle source and is subsequently con- 
firmed by system testing. Ther SER is a function of the 
operating voltage, cycle time, package, and the alpha 
particle source. Intel measures the SER at 
Vop = 4.75V, and toycie = 14S. A thorium source of 
1.6 x 105 a/cm2/hr. is used because it best matches 
the package energy spectra. 


References 


For further details see Application Note (A.P.) #171, 
Low Power with CHMOS DRAMS, and A.P. #172, 
CHMOS DRAMS in Graphics Applications. 
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51C64HL 
HIGH PERFORMANCE LOW POWER 
RIPPLEMODE™ 64K X1 
CHMOS DYNAMIC RAM 


51C64HL-10 51C64HL-12 
Maximum Column Address Access Time (ns) a 


Maximum CHMOS Standby Current (mA) a ee 


Maximum Access Time (ns) 


m Ripplemode Operation m Low Power Data Retention 
— Continuous data rate over 15 MHz — Standby current, CHMOS — 50 A (max.) 
.— Random access within row — Refresh period, RAS-Only — 64 ms (max.) 
— Flow through column latch for pipelining — Data Retention Current — 80 »A (max.) 


— toac — 20, 25 ns 
= Low Input/Output Capacitance 
m= Fully TTL Compatible @ High Reliability Plastic — 16 Pin DIP 


m= Low Operating Current — 37 mA (max.) 


The Intel® 51C64HL is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel’s 
CHMOS IIl-D technology, the 51C64HL offers features not provided by an NMOS dynamic RAM: Ripplemode 
for high data bandwidth, fast usable speed, and CHMOS standby current and extended RAS-Only refresh for 
low data retention power. All inputs and outputs are TTL compatible and the input and output capacitances are 
significantly lowered to allow increased system performance. _ 


Ripplemode operation allows random or sequential access of up to 256 bits within a row, with cycle times as 
fast as 65 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. The flow 
through column latch allows address pipelining while relaxing many critical system timing requirements for fast 
usable speed. These features make the 51C64HL ideally suited for cache based mainframe and mini computers, 
graphics, digital signal processing, and high performance microprocessor systems. 


The 51C64HL offers a maximum standby current of 50 »A when RAS 2 Vpp-0.5V. During standby (i.e. refresh 
only cycles), the refresh period can be extended to 64 ms to reduce the total current required for data retention 


to less than 80 »A (max). The 51C64HL combines low power with high density for portable and battery backup 
applications. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


RAS ROW ADDRESS STROBE 


; Vss CAS COLUMN ADDRESS STROBE 
F mo WE WRITE ENABLE 
OUT 
‘4 A Ao-A7 ADDRESS INPUTS 7 
3 iy Din DATA IN 
6 
: 7 Dout DATAOUT | 
8 A7 Vop POWER (+ 5V) 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Ciruitry Embodied in an Intel Product. No Other Circuit 
Patent Licenses are Implied. | 


©Intel Corporation, 1984 
June 1984 
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ABSOLUTE MAXIMUM RATINGSt 


Ambient Temperature Under ye 


Bids 5 sco  & sa etd nd ane -10°C to+80°C 


Storage Temperature. ..Plastic -55°C to + 125°C 
Voltage on Any Pin except Vpp and Doyt 


Relative to Vss Sd. eh bua gr eee ee RAR Bee ee -2.0V to 7.5V 
Voltage on Vpp Relative to Vos. .... -1.0V to 7.5V 
Voltage on Doyrt 

‘Relative to Vss ae ee ec -2.0 to Vop + 1V 
Data Out Current............00...0.... 50 mA 
Power Dissipation...................:..1.0 W 


D.C. CHARACTERISTICS" 


TCOMMENT | 

Stresses above those listed under ‘‘Absolute Maxi- 
mum Rating’ may cause permanent damage to the 
device. This is a stress rating only and functional oper- 
ation of the device at these or at any other conditions 
above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


ty =0°C to 70°C, Vop = 5V + 10%, Veg = OV, unless otherwise noted. 


Symbol 


| Vpp Supply Current, 
Operating 


Vpp Supply Current, TTL 
Standby 


\ 


N “J ~“/[C 
» 


Ipp2 


Vop Supply Current, 
RAS-Only Cycle 


Vpp Supply Current, | 
Ripplemode™ | 


Vpp Supply Current, 
| Standby, Output Enabled 


| Vpp Supply Current, - 
CHMOS Standby 
Input Load Current 
(any pin) 
Output Leakage Current for 
High Impedance State 


input Low Voltage 
(all inputs) 


G 
> 


o 


.008 


lLo| 
Vit | -1.0 


Input High Voltage 
(all inputs) | 


Vor | Output Low Voltage 
Vou Output High Voltage | 2.4 


< 
= 


NOTES: 
1. All voltages referenced to Vss. 
. Typical values are at Ta =25°C and Vpp= + 5V. 
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= 
» 
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= ine 
i - 
cx 
| 35 
= 
=a 
a 
RAS=Vpp —0.5V and CAS at Vin, a 
j all other inputs and output = Vss 
a2 
0.4 | fb see a 
aa ates 


| mA | 
trac =trc (min), for -12 A.C. spec. | 


| RAS and CAS at Vins all other 
mA |. 
inputs and output = Vss | 


trac =trc (min), for - 10 A.C. spec 


tro = tac (min), for - 12 A.C spec 


| oma | tec = tpc (min), for — 10 A.C. spec 


tpc = tpc(min), for — 12 A.C. spec 


RAS at Vin, CAS at Vi, all other 
inputs and output = Vss 


AS and CAS at Vin, 
out = Vss to Vpp 


2 

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open. 

4. |lpp is dependent upon the number of address transitions while CAS is at Vin. Specified Ipp (max) is measured with a max- 
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode. 


oo 


and 50 pF. 
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. Specified Vi_ (min) is steady state operation. Ail A.C. parameters are measured with Vi_ (min) =Vss and Viy (max) <Vpp. 
. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads 
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CAPACITANCET tNOTE: 
Ta = 25°C, Vpp = 5V+10%, Vss = OV, unless other- Capacitance is measured at worst case voltage lev- 
wise noted. els with a programmable capacitance meter. 


[Symbot [Parameter [Typ 
en | Aaéress, On [3 
Gre | RAS, CAS, WE| 4 
Teour [oan [+ 


co 
a 
i 
Ce 


soe mom me) 


A.C. CHARACTERISTICS ! 2: 3 
Ty, =0°C to 70°C, Vop = 5V + 10%, Vgg = OV, unless otherwise noted. 


Read, Write, Read-Modify-Write and Refresh Cycles 


51iC64HL-10 _—| 
JEDEC Parameter 
Symbol 


| Min, | Max. | 

[mana] nc | Random Read or Wt Gyo Tine | 160 
Tiwen | [RAS Precharge Tine ~~ 
[tavici [tos [CASHoldTime | 100 
[wn [sn [Row Assess SotupTime | 0 
tRL1Ax 
ree Lseeen 

| 30 

Lae: 

| 40 

ime (Fi ae 


51C64HL-12 | 


otes 


if 
us 


_ 
© 
oO 


N 


! a 

a! 
bea 
ee! 
ea | oe 
[toneciz|tor [CAS Precharge Time | 10] 
[toveriz| torr | CAS toRAS Precharge Time | a 
[tnciz [taco | RASto CAS Delay es 
O|twvcrz [tec [Column Address Setup Time | | 
tousax ve 
[tausax [tan | Column Address Hold Time From RAS _| eae 
aes 

Lo 

| 50 

20 

eee! 


Time Between Refresh fe 
Time Between Refresh (RAS-Only) fel 
Transition Time (Rise and Fall) 

3 toriax [ton | Output Buffer Turn On Delay a 
Output Buffer Turn Off Delay Og 


NOTES: 

1. All voltages referenced to Vss. 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex- 
tended periods of bias without clocks (greater than 64 ms). 

3. A.C. Characteristics assume tr = 5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 
Vit (min) =Vss and Vin (max) < Vpp. 

4. tacp (Max) is specified for reference only. 

. The 51C64HL extends the refresh period to 64 ms during RAS-Only refresh operation. 

6. ty is measured between Vy (min) and Vi, (max). 


—_hk 


bh 
on ! 


ah 


= 
NO 


4 


on 
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A.C. CHARACTERISTICS (Con’t.) 


a | Min. | Max. | 
tcaA 


Read Cycle 


toaa Access Time From Column Address 


RAS Hold Time (Read Cycle) 


trac Access Time From RAS 100 
Access Time From CAS 


tcasn) | CAS Pulse Width (Read Cycle) 


2 Column Address to RAS Set-up Time 
toHawx | tach | Read Com. Hold Time Ref. to CAS 


tary | Read Com. Hold Time Ref. to RAS 


bd 
a 
a 
| 20 | 
[tacs__| Read Command Setup Time |_| 
ne 
Ex 
| 10 


Twin. [Max 
rot 


NOTES: ; 

7. Assumes that tacp <trcp (max). If tacp >tacp (max) then trac will increase by the amount that tacp (max). 
8. Assumes trcp = tacp (max). | . 
9. If tasc <(tcaa (max) - tcac (max) - tr), then access time is defined by tcaa rather than by tcac. 

10. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns. 

11. Either tacy or tary must be satisfied. | . 

12. twos, tawo, tcwo and tawo are specified as reference points only. If twcs=twcs (min), the cycle is a CAS controlled write 
cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tewp = tcwp (min) 
and tawp = trwo (min) and tawp = tawo (min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 
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A.C. CHARACTERISTICS (Con’t.) 
Read-Modify-Write Cycle 13 


JEDEC 


Read-Modify-Write (RMW) Cycle Time 


| tewo _| RAS to WE Delay 
CAS to WE Delay 
Column Address to WE Delay 55 


es 
38 | 


tcap 

NOTES: 

13. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 

14. twos, trwo, tcwo and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write 
cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwo = tewo (min) 
and tawp = tawp (min) and tawp = tawn (min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate. 

15. All previously specified A.C. Characteristics are applicable. 


16. Access time is determined by the longer of tcaa Or tcac OF tcap. . 
17. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns. 
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‘WAVEFORMS 


Read Cycle 


tac (2) 
tras (1) ‘Re (3) 
Vin a 
RAS 
Vit b 
trsH (R) (19) 
tosu (4) ; top (7) 
torp (8) cas tiie) | 
Vint a 
CAS 
Vie b 
_ Vine 
WE 
Vit b 
taSR (5) 
Vv 
7 iHa \ / 
Ag-Ay a xe . COLUMN 
. Vit b | 


aa | 
toaa (17) 
iad ae 


trac (15) 


Vou c , 
IGH IMPEDANCE ‘ 
Dout - : HIS c aa DATA OUT 
| | i= ‘ 


Vou a 
ton (13) 


NOTES: 
a., b. Vie (min) and V. (max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 

e. Either tach or taay Must be satisfied. 

f. tore is measured to lout = | ILo| : 
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IN 


ca 


AGYNI 


LD-c 


WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 


tre (2) 
tras (1) ~t— tp (3) 
Vin a 
RAS 
Vit b 
trsH(w) (24) 
tosn (4) P 
tcrp (a) taco (9) tcas(w) (25) + top (7) 
Vin a . . 
Vit b paras , 
Po eee 
' ——tawe (26) 
ws tweu (30) 
oe Vin a z 
WE 


Virb = 
ee (12) 
tasR (5) tRaH (6) Ke Hy 
Vin a 


>, cos (Sa 


tasc (10) ted (11) 
Ving | | = . 
my KOXAOXKKXXXXXXXAXAKAKAAKAKAKAAAAKAKAN 
Dour = HIGH IMPEDANCE | 
©1581 
NOTES: 


a., b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 
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NOTES: 
a., b. Viy (min) and V\, (max) are reference levels for measuring timing of input signals. 
c., d. Vou (min) and Vo. (max) are reference levels for measuring timing of Dour. 
e. torr is measured to Iour = += |lLol. 
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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a., b. Vin (min) and Vi (max) are reference levels for measuring timing of input signals. 
c., d. Vow (min) and Vo. (max) are reference levels for measuring timing of Dour. 

@. torr is measured to lout s |ILo|. 

f. tpg and tp are referenced to CAS or WE, whichever occurs last. 
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NOTES: 


a.; b. Vix (min) and V,, (max) are reference levels for measuring timing of input signals. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 
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NOTES: 


a., b. Vi (min) and V,. (max) are reference levels for measuring timing of input signais. 
c., d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. tore is measured to loyrs< | lLo| : 
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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a., b. Vix (min) and Vi, (max) are reference levels for measuring timing of input signals. 
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FUNCTIONAL DESCRIPTION 


The 51C64HL is a CHMOS dynamic RAM optimized 
for high data bandwidth and low power applications. 
The functionality is similar to a traditional dynamic 
RAM. The 51C64HL reads and writes data by mul- 
tiplexing a 16 bit address into an 8 bit row and an 8 
bit column address. The row address is latched in by 
the Row Address Strobe (RAS). The column address, 

however, flows through the internal address buffer and 
is latched by the Column Address Strobe (CAS). Be- 
cause access time is primarily dependent upon a valid 
column address, the delay time between RAS and CAS 
can be long without affecting the access time. 


Memory Cycle 


The memory cycle is initiated by bringing RAS low. 
Any memory cycle once initiated must not be ended 
or aborted prior to fulfilling the minimum tras timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tap and 
tcp, has elapsed. 


Read Cycle 


A read cycle is performed by maintaining the Write 
Enable (WE) signal high during the RAS/CAS opera- 
tion. The column address must be held for.a minimum 
time specified by tay. Data out becomes valid only 
when trac; tcaa, and tcac are all satisfied. Conse- 
quently, the access time is dependent upon the tim- 
ing relationship among trac, tcaa and tcac. For 
example, the access time is limited by toa, when trac 
and tcac are both satisfied. 


Write Cycle 


A write cycle is performed by taking WE and CAS low 
during a RAS operation. The column address is 
latched in by CAS. The write cycle can be WE con- 
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the input 
data must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leading edge of WE occurs prior to or 
coincident with. the CAS low transition) the output 
(Doyz) pin will be in the high impedance state at the 
beginning of the write function. Terminating the write 
action with CAS will maintain the output in the high im- 
pedance state; terminating with WE allows the output 
to go active. 


Refresh Cycle 


To retain data, a refresh operation is ee by 
clocking each of the 256 row addresses (Ap) through 
A7) with RAS at least every 4 milliseconds. Any Read, 
Write, Read- Modify-Write, or RAS-Only cycle will per- 
form refresh. 
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Extended Refresh Cycle 


The 51C64HL extends the refresh cycle period to 64 
milliseconds for RAS-Only refresh cycles. This feature 
reduces the total current consumption to a maximum 
of 80 micro Amperes, and typically 15 micro Amperes, 
for data retention (RAS-Only refresh operation for the 
51C64HL-12). The low standby current can significant- 
ly extend battery life in battery back-up applications. 
Current consumption is calculated from the following 
equation: 
_ (tre lactive) + (tri ~ tac)(IstanpBy) 


tri 
where trac = refresh cycle time, 
and ta, =refresh interval time or tae-/256 


Before entering or leaving an extended refresh 
period, the entire array must be refreshed at the 
normal interval of four milliseconds. This can be 
accomplished by either a burst or distributed 
refresh. 


Ripplemode™ Operation 


Ripplemode operation permits all 256 columns within 
a selected row of the device to be randomly accessed 
at a high data rate. Maintaining RAS low while succes- 
sive CAS cycles are performed, retains the row ad- 
dress internally, eliminating the need to reapply it. The 
column address buffer acts as a transparent or flow 
through latch while CAS is high. Access begins from 
the valid column address rather than from CAS, 
eliminating tasc and t; from the critical timing path. 
CAS latches the addresses into the column address 
buffer and acts as an output enable. 


During this operation read, write, read-modiy-write, or 
read-write-read cycles are possible at random or se- 
quential addresses within a row. Following the entry 
cycle into Ripplemode operation, access time iS toa, 
Or tcap dependent. If the column address is valid pri- 
or to or coincident with the rising edge of CAS, then 
the access time is determined by the rising edge of 
CAS specified by tcap as shown in Figure 1. If the 
column address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tca,. For both cases, 
the falling edge of CAS latches the address and ena- 
bles the output. 

Ripplemode operation provides a sustained data rate 
over 15 MHz for applications that require high data. 
rate such as bit mapped graphics or high speed 
signal processing. The following equation can be used 
to calculate the data rate: 

256 

Data Rate = tao 4 255tpc 


Data Out Operation 


The 51C64HL Data Output (Doy7), which has three- 
state capability, is controlled by CAS. During CAS high 


intel 


state (CAS at Vj,), the output is in the high im- 
‘pedance state. Table 1 summarizes the Doyrz state 
for various types of cycles. 


Power On 


An initial pause of 100 us is required after the appli- 
cation of the Vpp supply, followed by a minimum of 
eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-Only refresh). 
Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 64 ms). 


The Vpp current (Ipp) requirement of the 51C64HL 
during power on is dependent upon the input levels 
of RAS and CAS. If RAS = V., during power on, the 
device would go into an active cycle and Ipp would 
exhibit large current transients. It is recommended 
that RAS and CAS track with Vpp or be held at a valid 
Vi during power on. 
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Soft Error Rate 


Soft errors. are random, non-recurring changes in 
memory logic states caused by the impact of an ioniz- 
ing particle, such as an alpha particle. For example, 
a logic ‘‘0’’ may change to a logic ‘'1.’’ The average 
soft error rate (SER) of the 51C64HL is less than 10 
FITs. This is determined by accelerated testing using 
an alpha particle source and is subsequently con- 
firmed by system testing. The SER is a function of the 


_ Operating voltage, cycle time, package, and the alpha 


particle source. Intel measures the SER at 
Vop =4.75V, and teycie = 1us. A thorium source of 
1.6 x 105 a/cm2/hr. is used because it best matches 
the package energy spectra. 


References 


For further details see Application Note (A.P.) #171, 
Low Power with CHMOS DRAMS, and A.P. #172, 
CHMOS DRAMS in Graphics Applications. 


Table 1. Intel 51C64HL Data Output Operation for Various Types of Cycles 


ADDRESSES 


Dout " 


Figure 1. Ripplemode™ Access Time Determination 
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51C256H 
HIGH PERFORMANCE RIPPLEMODE™ 256K X 1 
CHMOS DYNAMIC RAM 


Maximum Access Time (ns) 
Maximum Column Address Access Time (ns) 
Ripplemode Cycle Time (ns) 


= Ripplemode Operation m Fast ‘‘Usable Speed’”’ 


— Continuous data rate over 15 MHz — trac =200 ns 
-— - Random access within a row — tcac=25 ns 
-—— Flow through column latch for pipelining — trcp = 30 ns min./95 ns max. 
m Low Operating Power —70 mA @ Fully TTL Compatible 
m= Low Input/Output Capacitance m High Reliability Plastic — 16 Pin DIP 


The Intel® 51C256H is a high speed 262,144 x 1 dynamic Random Access Memory. Fabricated on Intel’s 
CHMOS Ill-D technology, the 51C256H offers features not provided by an NMOS dynamic RAM: Ripplemode 
for high data bandwidth and fast usable speed. All inputs and outputs are TTL compatible and the input and 
output capacitances are significantly lowered to allow increased system performance. 


Ripplemode operation allows random or sequential access of up to 512 bits within a row, with cycle times as 
fast as 65 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. The flow 
through column latch allows address pipelining while relaxing many critical system timing requirements for fast 
usable speed. These features make the 51C256H ideally suited for cache based mainframe and mini computers, 
graphics, digital signal processing, and high performance microprocessor systems. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


RAS ROW ADDRESS STROBE | 
CAS COLUMN ADDRESS STROBE 
WE _‘ WRITE ENABLE 


Ao-As ADDRESS INPUTS 
Din DATA INPUT 


Dour DATA OUTPUT | | 


Vpp | POWER (+5V) 
Vss GROUND | 


1 
2 
3 
4 
5 
6 
7 
8 


‘tAvailable 1Q 1985 


intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No other Circuit 
Patent Licenses are implied. . 
©Intel Corporation, 1984 | June 1984 
Order Number: 280030-001 
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ABSOLUTE MAXIMUM RATINGSt 
Ambient Temperature Under 
Bids fetes ments hee —10°C to +80°C 
Storage Temperature. .Plastic ~55°C to +125°C 
Voltage on Any Pin except Vpp and Dout 
Relative to Vss............... ~2.0V to 7:5V 


Voltage on Vpp Relative to Vss.... — 1.0V to 7.5V 
Voltage on DoutT 

Relative to Vss............ —2.0V to Vpp + 1V 
Data Out Current...................... 50 mA 
Power Dissipation...................... 1.0W 


D.C. CHARACTERISTICS’ 


tCOMMENT 
Stresses above those listed under ‘Absolute Maxi- 
mum Rating’ may cause permanent damage to the 


device. This.is a stress rating only and functional oper- 


ation of the device at these or at any other conditions 
above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Ta =0°C to 70°C, Vpp = 5V + 10%, Vss = OV, unless otherwise noted. 
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Parameter 


~ 

< 

TG 
nv 


Vop Supply Current, 
Operating 


Vpp Supply Current, 
RAS-Only Refresh 


| Vop Supply Current, 
Ripplemode 


Vpp Supply Current, 
| Standby, Output Enabled 


Input Load Current 
(any pin) 


Output Leakage Current for 
High Impedance State 


Input Low Voitage 
(all inputs) 
| Input High Voltage 
(all neue) 


Output Low Voltage 
Output High Voltage 
NOTES: 


1. All voltages referenced to Vss. | 
. Typical values are at Ta = 25°C and Vpp = +5V. 
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RAS and CAS at V),,, all other inputs 
and output = Veg 


3 3 
aa : 


3 
> 


2 
> 


| teo= tro (min), for — 12 specification | 


3 
> 


toc = tec (min 


), for - 15 specification 


toc = tp¢ (min), for — 20 specification 


RAS at V,,,, CAS at V,,, all other 
inputs and output = Veg 


7 
ate 


RAS and CAS at V,,,, 
Dour = Vgg t0 Vop 


p< | 5 | 


2 

3. lpp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open. 

4. Ipp is dependent upon the number of address transitions while CAS is at Vin. Specified Ipp (max) i is measured with a max- 
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode. 

5. Specified Vi (min) is steady state operation. All A.C. parameters are measured with Vi. (min) =Vgg and Vix (max) <Vpp. 

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads 


and 50 pF. 
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intel 51C256H PRELIMINARY 


CAPACITANCEt tNOTE: 
Ta = 25°C, Vpp =5V + 10%, Vs = OV, unless other- Capacitance is measured at worst case voltage lev- 
wise noted. els with a programmable capacitance meter. 


[Symbor [Parameter yp] 
Tne | AAS, GAS, WE | 
a a 


A.C. CHARACTERISTICS’ 2:3 
Ta =0°C to 70°C, Vpop = 5V + 10%, Vss = OV, unless otherwise noted. 


Read, Write, Read-Modify-Write and Refresh Cycles 


are | teas | RAS Pulse Width | 120 | 75000} 150 
tarorie Random Read or Write Cycle Time = 245 


Notes 


~1 
|e 
OoO;}°* 

w 

wh 

on 


1 


Oo 


taHeALe | tee | RAS Precharge Time 
taLicHi tosH | CAS Hold Time 
a ise CAS Pulse Width 75000 
10 
0 


= 
on 
to) 


—_ 
oO 
cn | 
™“ 
nn 
co) 
So Oo 
Oo Oo 


= 
o 


mM 
o 


twHerLe twrp Write to RAS Precharge Time Pf 
= RAS to Write Hold Time ae 


taLiwi2 


tavaLe tasr Row Address Set-up Time ae 
traH Row Address Hoid Time 5 


tcHecLe top CAS Precharge Time | 10 | 
tonerL2 | tore CAS to RAS Precharge Time — 
taco 


taLiax 


ae 
foo 
Le) 
me 
ae 
ea! 
Sela) 
i 
led 
Led 
ee 
Ew 
Eee 
eA 


11 


taiicut RAS to CAS Delay | 30 | 95 | 
tave2 Column Address Set-up Time 
Column Address Hold Time a ae 


2 nl o}s|ieo 
BEARE 


5 


L tcuiax | toa 


ee a ee ef —_ 
Tt OTP oO N 


5 Col. Address Hold Time From RAS | 60 


tavrv | Time Between Refresh = 4 
ty tr | Transition Time (Rise and Fall) : 
totiex t 1 Output Buffer Turn On Delay 


2 cui 
N 
1. All voltages referenced to Vss. 
2 


. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any combi- 
nation of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 4 ms). 

3. A.C. Characteristics assume tr =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 
| Vit (min) = Vss and Vin (max) <Vpp. 

4. tracp (max) is specified for reference only. 

5. tr is measured between Viy (min) and Vi, (max). 


tRLiax 
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m Bs) 
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A.C. CHARACTERISTICS (Con’t.) 
Read Cycle 


JEDEC Parameter 
Symbol ; . 


18 trac Access Time From RAS 
4 


[7 | teson | eno _| Access Tino From GAS 
| 20] tavov | tom | Access Time From Column Address 


Es oe 
[25 [vom 
Write Cycle 


JEDEC | 
Symbol Parameter 
Min.. 
| 26 | tousrmnm — | testo RAS Hold Time (Write Cycle) 
Write Command to RAS Lead Time 


N 


_ —_- 
oO oO Oo 


—_ 


—_ 
oO o 


nsw | tw | Wie Commane Puse With 
[se [tome [te | Samim Setup Tine 
[a5] coon [tm | dawn tontine 


NOTES: : 

6. Assumes that tacp <trcp (max). If tacp >tracp (max), then trac will increase by the amount that tacp exceeds tracp (max). 
7. Assumes trcp = trcp. (max). 

8. If tasc <(tcaa (Max) — tcac (max) — tr), then access time is defined by tcaa rather than by tcac. 

9 . 

0 


20 


we] 
16] 


Ny] @ 
alo 


w 
o 


. Either tacy or tan must be satisfied. | ae 

. twos; tawp, tcwo and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tewp =tcwpb (min) and 
trwp = tawp (min) and tawp = tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read 
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 


1 
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intel 51C256H PRELIMINARY 


A.C. CHARACTERISTICS (Con’t.) 


Read-Modify-Write Cycle11 


jemi mmm ate 
Parameter 


ow | RW Gyo PAS Puce wian | 15 
ne | RAB WE Day 
Te Sotmn Aas WE Dei 


Access Time From Column Precharge 


[es 

[ 

«1 [essan | te | Rontrose Read orwite Ge [65 | 
ee 


Syme Parameter | 51C256H-12 | 
tec 


NOTES: 

11. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 

12. twcs, tawo, tcwp and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp =tcwp (min) and 
twp = trwp (min) and tawp = tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read 
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 

13. All previously specified A.C. Characteristics are applicable. 

14. Access time is determined by the longer of tcaa Or tcac OF tcap. 
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WAVEFORMS 
Read Cycle 


ee] 
wn 


Ao-Ag 


Dour 


tac (2) : 
tre (3) 


tras (1) 


Vina 


Vit b 
; —~ tRSH(R) (21) 


lesH (4) top (10) ————> 
t t : t E 
CRP (11) gag RCD (12) rer rrrrinneenmnnnrrras LEAS (5) a 
Vin , 
trax (25)¢ 
Vina ' ° : ae ; : 
Vase (13) 
lasn (a) tran (9) 
Vib / AYVe GEER ss aN : . ; : 
Lt 
toa (19) 
trac (18) 
HIGH IMPEDANCE e 
‘ : : : t ) DATA OUT P 
Vv. /*; ; . = ; 
OL d : 
P ton (16) 


NOTES: a,b. Vix (min) and V,, (max) are reference levels for measuring timing of input signals. 


c,d. Vox (min) and Vo, (max) are reference leveis for measuring timing of Dour. 
e. Either tact Or tan must be satisfied. 
f. tose is measured to Iour s | Ito}. 


torr (17)t 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 


RAS 


CAS 


Ao-Ag 


Dout 


Vin a 


Vit b 


Vin a 


Vit b 


Vin a 


Vit b 


Vin a 


Vit b 


Vin a 


Vit b 
Von c 


Vong 


tac (2) 
tras (1) tap (3) 


tRsH(W) (26) 
tesu (4) 
torp (11) $$ tire (12) tcas (5) tcp (10) 


—}-—————J 
a | 


_ Sk. (15) 
xy Ns 
COLUMN 
{ row KXY 


tasc (13) tcan (14) 


tWAP (6) 


: 
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NOTES: a,b. Vix (min) and Vj, (max) are reference levels for measuring timing of input signals. 
c,d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 


e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 
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‘WAVEFORMS (Cont.) 


Write Cycle (WE Controlled)f 


tac (2) 
tras (1) tap (3) 
Vin a 
RAS 


tRSH(W) (28) 


torp (11) tosu (4) 
Lol = bia Ce 


Vina 
Virb 
* : | a = trwt (27) 
aie ea 


twrpe (6) 


Vina 


Vin b 


tasr (8) 


Vin a = 
a me Ke 


Virb : 
tos (32) = aa 
— YYYYXYYX 
AVYATATATATATA 


ow AXXXKXXXXAXKXKAKKAAKK | mA ROXXXXKKXAKXXXKKKRAKAKKKARKAAKLNS 


Vir b 
ton (16) torr (177% 
Vou c HIGH IMPEDANCE HIGH IMPEDANCE 
Dour " DATA NOT VALID — 
OL d- 
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NOTES: a,b. Vix (min) and V\, (max) are reference levels for measuring timing of input signals. 
c,d. Vox (min) and Vo. (max) are reference levels for measuring timing of Dour. 
€. tore is measured to lout s {ho}. 
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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WAVEFORMS (Cont.) 
Read/Modify/Write Cycle 


trwe (34) 
taRw (35) —— trp (3) 


twrp (6) . town (28) 


twe (29) twrp (6) 


a VI TID TL IPL IL 
ton 8 | 
ow KXXXKKKKK es XXXXXKXXXAKXKKXKN 


tcaa (20) 


Dour 


trac (18) 
Vou ¢ HIGH IMPEDANCE Le aes 
& 


ton (16) 
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NOTES: a,b. Vix (min) and Vi, (max) are reference levels for measuring timing of input signals. 
c,d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. tose is measured to lout S |ILo|. 
f. tps and tp, are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS ({Cont.) 
RAS-Only Refresh Cycie 
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be | \XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKKA 
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tras (1) trp (3) 
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Va b 
tonp (11) 
esc ea | , | 
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twap (6) 


Vone HIGH IMPEDANCE 
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NOTES: a,b. Vin (min) and V\_-(max) are reference levels for measuring timing of input signals. 


c,d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
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WAVEFORMS (Cont.) 
Rippiemode Read Cycle 


AoAg 


tras Qowr_-—- tap (3) 
Vina 
4 
Vir b ; 
tosu (4) trsH(R) (21) 
top (11) tee (41) 
tren (1 ag 
Van b 
twap (6) HW 
Viv b 
a, (8) 
tasc (13) 
tasn (8) 
Vint a a — 
Vit b x 
toe (19) toac (19) 
'cAa (20) tcaa (20) 
trac (18) 
Vou c _HIGH IMPEDANCE ATA HIGH IMPEDANCE 
*® OUTN } 
Vou a 
ton (16) as torr (17! 


NOTES: a,b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 


c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. Either tacy Or tany must be satisfied. 
f. torr is measured to lours lILo| : 
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WAVEFORMS (Cont.) 
Ripplemode Write Cycie (CAS Controlled)e 


CAS 
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Dour 
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tee (41) trsHcw 26 


top (10) top (10) 
tosn (4) 
tcrp (11) pay! - tcas (5) ‘cas (5) P tcas (5) 


f/// 
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; I 0 F cOLUMNY F cOLUMNY COLUMN N 
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twrp (6) 


m. RXXKXKEKKKE OY AXAKM AXXAXX) XXX 


HIGH IMPEDANCE 


NOTES: a,b. Vj (min) and V\, (max) are reference levels for measuring timing of input signals. 


c, 


d. Vou (min) and Vo. (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column addresses and data-in. 
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WAVEFORMS (Cont.) _—_ 
Ripplemode Write Cycle (WE Controlled)f 
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tras 1) ————— 


top (10) -- 


NOTES: a,b. Vix (min) and V,, (max) are reference levels for measuring timing of input signals. 
c,d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 


e. torr is measured to lout < | lio}. 


‘cas (5) 


ton (16) 
~ lorr (17) 


DATA NOT VALID 


f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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WAVEFORMS (Cont.) 
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Ripplemode Read/Modify/Write Cyclef 
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NOTES: a,b. Vj (min) and V,, (max) are reference levels for measuring timing of input signals. 
c,d. Vox (min) and Vo, (max) are reference levels for meee timing of Dour. 
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f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches the data-in. 
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WAVEFORMS (Cont.) | 
Ripplemode Read/Write/Read/. . . Cycle (CAS Controlled) 
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tore (17) 
VoH c HIGH IMPEDANCE v HIGH IMPEDANCE . 
Dour > DATA OUT “¥ DATA OUT 


Vou 4 


NOTES: a,b. Vi (min) and Vi. (max) are reference levels for measuring timing of input signais. 
c,d. Vou (min) and Vo. (max) are reference levels for measuring timing of Dour. 
@. tore is measured to Jour = | Ito}. 
f. WE is low prior to or simultaneously with CAS low transition. CAS latches column addresses and data-in. 
g. The cycle can be terminated either by a read or.a write operation followed by a RAS high transition. See page 11 or 12 for timings. 
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WAVEFORMS (Cont.) _ 
Ripplemode Read/Write/Read/. . . Cycle (WE Controlled)f 
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NOTES: a,b. V,, (min) and V;, (max) are reference levels for measuring timing of input signals. 
C,d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. tore is measured to lour <= lho} - as __ 
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in. 
g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 13 for timings. 
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FUNCTIONAL DESCRIPTION 


The 51C256H is a CHMOS dynamic RAM optimized 
for high data bandwidth applications. The functionality 
is similar to a traditional dynamic RAM. The 51C256H 
reads and writes data by multiplexing an 18 bit ad- 
dress into a 9 bit row and a 9 bit column address. The 
row address is latched in by the Row Address Strobe 
(RAS). The column address, however, flows through 
the internal address buffer and is latched by the 
Column Address Strobe (CAS). Because access time 
is primarily dependent upon a valid column address, 
the delay time between RAS and CAS can be long 
without affecting the access time. 


Memory Cycle 


The memory cycle is initiated by bringing RAS low. 
Any memory cycle once initiated must not be ended 
or aborted prior to fulfilling the minimum taas timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tap and 
tcp, has elapsed. 


Read Cycle 


A read cycle is performed by maintaining the Write 
Enable (WE) signal high during the RAS/CAS opera- 
tion. The column address must be held for a minimum 
time specified by tan. Data out becomes valid only 
when trac: tcaa, and teac are all satisfied. Conse- 
quently, the access time is dependent upon the tim- 
ing relationship among trac, tcaa and toac. For 
example, the access time is limited by toa, When trac 
and toac are both satisfied. 


Write Cycle 


A write cycle is performed by taking WE and CAS low 
during a RAS operation. The column address is 
latched in by CAS. The write cycle can be WE con- 
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the input 
data must be’valid at or before the falling edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leading edge of WE occurs prior to or 
coincident with the CAS low transition) the output 
(Doyr) pin will be in the high impedance state at the 
beginning of the write function. Terminating the write 
action with CAS will maintain the output in the high im- 


pedance state; terminating with WE allows the output 


to go active. 


The 51C256H incorporates a self-timed write feature 
which simplifies the system interface. The write func- 
tion is internally timed on a write command which al- 


lows for a fast write pulse width and a fast write — 


precharge time, thus eliminating the need for critical 
_ placement of transitions during the write cycle. 
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Refresh Cycle 


To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (Ay through 
A,) with RAS at least every 4 milliseconds. Any Read, 
Write, Read-Modify-Write, or RAS-Only cycle will per- 
form refresh. 


Ripplemode™ Operation 


Ripplemode operation permits all 512 columns within 
a selected row of the device to be randomly accessed 
at a high data rate. Maintaining RAS low while succes- 
sive CAS cycles are performed, retains the row ad- 
dress internally, eliminating the need to reapply it. The 
column address buffer acts as a transparent or flow 
through latch while CAS is high. Access begins from 
the valid column address rather than from CAS, 

eliminating tasc and t; from the critical timing path. 

CAS latches the addresses into the column address 
buffer and acts as an output enable. 


During this operation read, write, read-modify-write, 


_or read-write-read cycles are possible at random or se- 


quential addresses within a row. Following the entry 
cycle into Ripplemode operation, access time is toaa 
Or tcap dependent. If the column address is valid pri- 
or to or coincident with the rising edge of CAS, then 
the access time is determined by the rising edge of 
CAS specified by tcap as shown in Figure 1. If the 
column address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address s “pee ice by tcaa. For both cases, 
the falling edge of latches the address and ena- 
bles the output. | 


Ripplemode operation provides a sustained data rate 
over 15 MHz for applications that require high data 
rate such as bit mapped graphics or high speed sig- 
nal processing. The following equation can be used 
to calculate the data rate: 


512 


Data Rate = ———_~_> 
taco © 51 1 tpc 


Data Out Operation 
The 51C256H Data Output (Doy7), which has three- 
state ee Oe is controlled by CAS. During CAS high 
state (CAS at Vj), the output is in the high im 
pedance state. Table 1 summarizes the Dour state 
for various types of cycles. 


Power On 


An initial pause of 100 us is required after the appli- 
cation of the Vpp supply, followed by a minimum of 
eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-Only refresh). 


51C256H 


PRELIMINARY 


intel 


Eight initialization cycles are required after extended 


periods of bias without clocks (greater than 4 ms). | 


The Vpp current (Ipp) requirement of the 51C256H 
during power on is dependent upon the input levels 
_ of RAS and CAS. If RAS = Vgg during power on, the 
device would go into an active cycle and Ipp would 
exhibit large current transients. It is recommended 


that RAS and CAS track with Vpp or be held at a valid 
Vi4 during power on. | 


References 


For further details see Application Note (A.P.) #171 
Low Power with CHMOS DRAMS, and A.P. #172. 
CHMOS DRAMS in Graphics Applications. 


Table 1. intel 51C256H Data Output Operation for Various Types of Cycles 


| Read Cycle | 


CAS Controlled Write Cycle (Early Write) 


[igh impedence 


Data from Addressed Memory Cell | 


Read-Write-Read Cycle (CAS Controlled 
Read-Write-Read Cycle (WE Controlled) 
_| RAS-Only Refresh Cycle 


aa VALID COLUMN ADDRESS ( 


VALID 


Data from Addressed Memory Cell 
Data from Addressed Memory Cell and Active, Not Valid 


High Impedance 
High Impedance 


VALID COLUMN ADDRESS 


VALID 


Figure 1. Ripplemode™ Access Time Determination 
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51C256L 
LOW POWER 256K X 1 
CHMOS DYNAMIC RAM 


51C256L-20 


51C256L-15 


Maximum Access Time (ns) 
Maximum CHMOS Standby Current (mA) 


= Low Power Data Retention m TTL and HCT Compatible 
— Standby current, CHMOS — 100 A (max.) 
— Refresh period, RAS-Only — 32 ms (max) | : 

— Data Retention Current — 230 .A (max.) m Low Input/Output Capacitance 


m Low Operating Current — 65 mA (max.) m High Reliability Plastic — 16 Pin DIP 


Intel® 51C256L is a low power 262,144 X 1 dynamic Random Access Memory. Fabricated on Intel’s 
CHMOS Ill-D technology, the 51C256L offers features not provided by an NMOS dynamic RAM: CHMOS standby 
current and extended RAS-Only refresh for low data retention power. All inputs and outputs are TTL and HCT 
compatible and the input and output capacitances are significantly lowered to allow increased system per- 
formance. 


The 51C256L offers a maximum standby current of 100 »A when RAS > Vpp — 0.5V. During standby (i.e. refresh 
only cycles), the refresh period can be extended to 32 ms to reduce the total current required for data retention 
to less than 230 A (max). The 51C256L combines this low power with high density for portable and battery backup 
applications. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 
E Vss RAS ROW ADDRESS STROBE 
2 CAS CAS COLUMN ADDRESS STROBE 
; ae WRITE ENABLE 
5 Ag ADDRESS INPUTS 
6 Ag Din DATA INPUT 
; % [Dour DATA OUTPUT 
Vop POWER (+5V) 
Vss GROUND 
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ABSOLUTE MAXIMUM RATINGSt TCOMMENT: 

Ambient Temperature Under Stresses above those listed under ‘‘Absolute Maxi- 
Bids sich hash eu eee cas -—10°C to +80°C |= mum Rating” may cause permanent damage to the 

Storage Temperature. ..Plastic —55°C to + 125°C device. This is a stress rating only and functional oper- 

Voltage on Any Pin except Vpp and Doyt ation of the device at these or at any other conditions 
Relative to Vgg........00- 000. —~2.0V to 7.5V above those indicated in the operational sections of 

Voltage on Vpp Relative to Vgg.... — 1.0V to 7.5V this specification is not implied. Exposure to absolute 

Voltage on Doyz maximum rating conditions for extended periods may 
Relative to Vgg........... -2.0V to Vpp +1V _— affect device reliability. 

Data Out Current...................... 50 mA 

Power Dissipation...................... 1.0W 


D.C. CHARACTERISTICS" 
T,=0°C to 70°C, Vop = 5V + 10%, Vgc = OV, unless otherwise noted. 


51C256L 


Test Conditions 


tac =tac (min), for — 15 specification 


tac = tac (min), for — 20 specification 


RAS and CAS at Vow all other inputs 
and output = Vo. 


Parameter 


+ 


Vpp Supply Current, 
Operating 


Vpp Supply Current, 
TTL Standby 


Vpp Supply Current, 
RAS-only Refresh 


RAS at V,,,, CAS at Vj, all other 
inputs and output = Veo 


_~Vpo Supply Current, 
Standby, Output Enabled 


4 < 
hd 


RAS = Vpp - 0.5V and CAS at Vix, 
all other inputs and output = Vg 


Vpp Supply Current, 
CHMOS Standby 


Input Load Current 


(any pin) Vin = Vgg tO Vop 


Output Leakage Current for RAS and CAS at V,,,, 
High Impedance State Dout = Vsg t0 Vop 


Input Low Voltage 

(all inputs) 

Input High Voltage | 

(all inputs) 2.4 Vop + 1 | 


lop = 4.2 mA 


lo, = 100nATt 


lon = - 100 pAtt 


NOTES: tt Available 1Q 1985 

1. All voltages referenced to Vss. 

2. Typical values are at Ta=25°C and Vpp= + 5V. 

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open. 

4. |pp is dependent upon the number of address transitions while CAS is at Viy. Specified Ipp (max) is measured with a max- 
imum of two transitions per address input per random cycie. 

. Specified Vi_ (min) is steady state operation. All A.C. parameters are measured with Vi_ (min) =Vss and Vin (max) <Vpp. 

. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads 
and 50 pF. 


oo 
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CAPACITANCEt tNOTE: 
T, = 25°C, Vpp =5V + 10%, Vgg = OV, unless other- Capacitance is measured at worst case voltage lev- 
wise noted. els with a programmable capacitance meter. 


Symbol [Parameter [Tye 
Cin: Address, Din 


RAS, CAS, WE 


z 
ne) 
O 
Cc 
+ 


Cout 


A.C. CHARACTERISTICS! 2° 
Ty =0°c to 70°C, Vop = 5V + 10%, Veg = OV, unless otherwise noted. 


Read, Write, Read-Modify-Write and Refresh Cycles 


DEC 
: mute jin. | max. [mine | Max. | 


Symbol y 
RAS Pulse Width 75000 75000 
C 


# 


wk 


RL1RH1 


RLICH GAS Hold Time 150 


200 


CLICHY CAS Pulse Width 30 | 75000 75000 


200 


m 
Cc 
T 
N 


= 


Pn oe ee 
4 ps] 
< 
wv 
< 


Time Between Refresh (RAS-Only) 


t 
, ASO | 
xm 
Pe. 


CL1QX Output Buffer Turn On Delay 
tcH20z Output Buffer Turn Off Delay 


N 

1. All voltages referenced to Vss. | 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any com- 
bination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 32 ms). 

3. A.C. Characteristics assume tr = 5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF 
Vit (min) =Vss and Vin (max) < Vpp. 

4. tacp (max) is specified for reference only. os 

5. The 51C256L extends the refresh period to 32 ms during RAS-Only refresh operation. 

6. tr is measured between Vixq (min) and V,, (max). 


mf ok wt f —e ff ef at oa f 
NT ® Ory BY] Gi mM —-}] Oo & i © 
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A.C. CHARACTERISTICS (Con'’t.) 


| Read Cycle 
| Parameter 


Access Time From RAS 


| Read Com. Hold Time Referenced to S 


omer Parameter 


| toLiRHim) RAS Hold Time (Write Cycle) | 
Write Command to RAS Lead Time 


NOTES: 
7. Assumes that tacp Stacp (max). If tacp =tracp (max), then trac will increase by the amount that tacp exceeds tracp (max). 
8. Assumes trop 2 taco (max). . 

9. If tasc <(tcaa (Max) — tcac (Max) — tr), then access time is defined by tcaa rather than by tcac. 
10. Either tacn or tan must be satisfied. | ae 
11. twos, tawo, tcwo and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tewp = tewn (min) and 
tawo = tawp (min) and tawp = tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read 
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 
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A.C. CHARACTERISTICS (Con’t.) 


Read-Modify-Write- Cycle12 


Read-Modify-Write (RMW) Cycle Time 
| truimvamm | tarw | RMW Cycle RAS Pulse Width 
6 RMW Cycle CAS Pulse Width 


RAS to WE Delay | 
38} tome | tcwo CAS to WE Delay 
39 | tame | tawo | Column Address to WE Delay 


NOTES: 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 

13. twos, tawp, tcwo and tawp are specified as reference points only. If twcs = twcs (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If town 2 tcwp (min) and 
tawo = trwp (min) and tawp 2 tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate. 
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Ql-2 


Read Cycle 
tac (2) 
~ tras (1) ; TR (3) 
Vina | | 
RAS 
Vin b 
tesu (4) ; top (10)——_> 
torp (11) "cas (5) 
Vina 
Vito 
trRH (25)® 
Vina 
WE 
Vit b 
tasr (8) 
Vina: 
Ag-Ag 
Vit b 
tcac (19) 
trac (18) 
Vou c 
Vor a | | | 
ton (18) | 


NOTES: a,b. Vj (min) and Vi_ (max) are reference levels for measuring timing of input signals. 


c,d. Von (min) and Vo. (max) are reference levels for measuring timing of Dour. 
e. Either.tacy or tary Must be satisfied. 
f. torr is measured to lout < | Ito. 


tore (17)! 


C1590 


T9SCOLS 


ASVYNINMaad 


WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 


RAS 


CAS 


Ag-Ag 


Dour 


NOTES: 


Vin a 


Vit b 


Vina 


Vit b 


Vina 


Viv b 


Vin a 


Vir b 


Vin a 


Vit b 


Vou c 


Vou a 


—/ Derren 
ote | 
mane 


tar (15) 
XA | Kk 
j , f co : 
prow KX | comm TK 


tac (2) 
— tras (1) ; + 'pp (3) 


trRsH(W) (26) 
tesn (4) 
tcrp (11) aed tcp (42) tcas (5) tep (10) 


i ae a a 


twap (6) 


. 


tasc (13) toaH (14) 


KXRKKKXEKKKKKN mem __ KKK KKXRKX KKK KKK KEKHKEK 


HIGH IMPEDANCE 


C1591 


a,b. Vin (min) and Vi_ (max) are reference levels for measuring timing of input signals. 
c,d. Vox (min) and Vo. (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 


Ul 


WSCOLS 


AGWNIAT TSI al 


08-¢ 


WAVEFORMS (Cont.) 


Write Cycle (WE Controlled)! 


tre (2) 


tras (1) tap (3) 
Vin a 


Vin b 


tasH(wy (26) 
torp (11) tosh (4) 


- taco (12) tcas (5) tcp (10) ; — 
Vin a ; 


cas A eee | f/f ff | \ 
Vit b 
0a 
twap (6) oo twap (6) 


Vina 
Vit b 

tasr (8) 
Vina 


Vic b 


tos (32) ae 


Ow COCCCECCCCCCCCCCY EE COCCECCCTECCCECEECCECOOOOCEOOOOCOOOOE, 


Virb 


‘Vin a 


ton (16) torr (17)@ 


Vou ¢ HIGH IMPEDANCE HIGH IMPEDANCE 
Pour . - DATA NOT VALID 
Ol d 2 


NOTES: a,b. Vin (min) and Vi_ (max) are reference levels for measuring timing of input signals. 
c,d. Vou (min) and Vo. (max) are reference levels for measuring timing of Dour. 
@. torr is measured to lout | Io}. 
f. CAS is low prior to the WE low transition. CAS latches the column address while. WE latches the data-in. 
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- ASVNINITSY 
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WAVEFORMS (Cont.) 
Read/Modify/Write Cycle 


a 


Diy 


Dour 


— tawe (34) 
taRw (35) tap (3) 


rane tep (10) 
Bann ae = 
Se aan town (38) tawe (27) 


E/S/SSSLLS SL SLY) 


Virb * 


tasR (8) 
Vin a 


Vib 


bi XKKKKKKKK 


Vin b 


—~ tcaa (20) 


trac (18) 
Vou HIGH IMPEDANCE a 


ton (16) C1593 


DATA OUT 


NOTES: a,b. Vin (min) and Vi, (max) are reference levels for measuring timing of input signals. 


c,d. Vox (min) and Vo. (max) are reference levels for measuring timing of Dour. 
@. torr is measured to lout | Ito}. 
f. tos and tpy are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 


RAS 


CAS 


Dour 


twrp (6) trwu (7) 


tap (3) 
Vint a 


‘ 
Vit b 
torp (11) 


- AAXXXXXKXXXKXKXKKKAKXKKAAKAKKKKAKK KKK KKK AK / 


Virb 


o XXXXXXXXAXXXAXAKAKAXAKAKARAAXAKAKAKAAKAAKAAKAKAARAA 


C1894 


NOTES: a,b. Vin (min) and Vi, (max) are reference levels for measuring timing of input signals. 


c,d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 


ul 
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FUNCTIONAL DESCRIPTIONS 


The 51C256L is a CHMOS dynamic RAM optimized 
for low power applications. The functionality is similar 
to a traditional dynamic RAM. The 51C256L reads and 
writes data by multiplexing an 18 bit address into a 9 
bit row and a9 bit column address. The row address 
is latched in by the Row Address Strobe (RAS). The 
column address, however, flows through the internal 
address buffer and is latched by the Column Address 
Strobe (CAS). Because access time is primarily de- 
pendent upon a valid column address, the delay time 
between RAS and CAS can be long without affecting 
the access time. 


Memory Cycle 


The memory cycle is initiated by bringing RAS low. 
Any memory cycle once initiated must not be ended 
or aborted prior to fulfilling the minimum tras timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tap and 
tcp, has elapsed. 


Read Cycle 


A read cycle is performed by maintaining the Write 
Enable (WE) signal high during the RAS/CAS opera- 
tion. The column address must be held for a minimum 
time specified by tap. Data out becomes valid only 
when trac; tcaa, aNd tcac are all satisfied. Conse- 
quently, the access time is dependent upon the tim- 
ing relationship among trac, tcaa and teac. For 
example, the access time is limited by tea, when trac 
and tcac are both satisfied. 


Write Cycle 


A write cycle is performed by taking WE and CAS low 
during a RAS operation. The column address is 
latched in by CAS. The write cycle can be WE con- 
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the input 
data must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leading edge of WE occurs prior to or 
coincident with the CAS low transition) the output 
(Doyz) pin will be in the high impedance state at the 
beginning of the write function. Terminating the write 
action with CAS will maintain the output in the high im- 
pedance state; terminating with WE allows the output 
to go active. 


The 51C256L incorporates a self-timed write feature 
which simplifies the system interface. The write func- 
tion is internally timed on a write command which allows 
for a fast write pulse width and a fast write precharge 
time, thus eliminating the need for critical placement 
of transitions during the write cycle. 


51C256L 
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Refresh Cycle 


To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (Aj through 
A7) with RAS at least every 4 milliseconds. Any Read, 
Write, Read-Modify-Write, or RAS-Only cycle will per- 
form refresh. 


Extended Refresh Cycle 


The 51C256L extends the refresh cycle period to 32 
milliseconds for RAS-Only refresh cycles. This feature 
reduces the total current consumption to a maximum 
of 230 micro Amperes, and typically 90 micro Am- 
peres, for data retention (RAS-Only refresh operation 
for the 51C256L-20). The low standby current can sig- 
nificantly extend battery life in battery back-up appli- 
cations. Current consumption is calculated from the 
following equation: 


Rl 


where tac = refresh cycle time, 
and tp; = refresh interval time of tparr/256 


Before entering or leaving an extended refresh peri- 
od, the entire array must be refreshed at the normal 
interval of four milliseconds. This can be accom- 
plished by either a burst or distributed refresh. 


Data Out Operation 


The 51C256L Data Output (Doy7), which has three- 
state capability, is controlled by CAS. During CAS high 
state (CAS at Vj), the output is in the high im- 
pedance state. Table 1 summarizes the Doyr state 
for various types of cycles. 


Power On 


An initial pause of 100 us is required after the appli- 
cation of the Vpp supply, followed by a minimum of 
eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-Only refresh). 
Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 32 ms). 


The Vpp current (Ipp) requirement of the 51C256L 
during power on is dependent upon the input levels 
of RAS and CAS. If RAS = Vgg during power on, the 
device would go into an active cycle and Ipp would 
exhibit large current transients. It is recommended 
that RAS and CAS track with Vpp or be held at a valid 
Vin during power on. 


References 


For further details see Application Note (A.P.) #171, 
Low Power with CHMOS DRAMS, and A.P. #172, 
CHMOS DRAMS in Graphics Applications. 
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Table 1. Intel 51C256L Data Output Operation for Various Types of Cycles 


Read Cycle _ | Data from Addressed Memory Cell 
CAS Controlled Write Cycle (Early Write) _ High Impedance 


WE Convotes Wr Cycle Lato Wite) __————*[Aatwe, Natal —SSCSCSC~*Y 
[Ressodivite Ole _—=—SSCSCSCS~S~*diat rm Aensod eon Cok 
[FAS-Ony Roteoh yee ———SSCSCS~S~ ence SSCSC~*d 
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51C256HL 
HIGH PERFORMANCE LOW POWER 
RIPPLEMODE™ 256K X 1 
CHMOS DYNAMIC RAM 


51C256HL-20 


51C256HL-15 


Maximum Column Address Access Time (ns) 70 
Maximum CHMOS Standby Current (mA) 0.1 


Maximum Access Time (ns) 


m Ripplemode Operation m= Low Power Data Retention 

— Continuous data rate over 12 MHz — Standby current, CHMOS — 100 ,A (max.) 

— Random access within row | — Refresh period, RAS-Only — 32 ms (max.) 

— Flow through column latch for pipelining — Data Retention Current — 230 ,A (max.) 
mw Low Input/Output Capacitance = Low Operating Current — 65 mA (max.) 
m TTL and HCT Compatible m High Reliability Plastic — 16 Pin DIP 


The Intel® 51C256HL is a high speed 262,144 x 1 dynamic Random Access Memory. Fabricated on Intel’s 
CHMOS III-D technology, the 51C256HL offers features not provided by an NMOS dynamic RAM: Ripplemode 
for high data bandwidth, fast usable speed, and CHMOS standby current and extended RAS-Only refresh for 
low data retention power. All inputs and outputs are TTL and HCT compatible and the input and output 
capacitances are significantly lowered to allow increased system performance. 


Ripplemode operation allows random or sequential access of up to 512 bits within a row, with cycle times as 
fast as 80 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. The flow 
through column latch allows address pipelining while relaxing many critical system timing requirements for 
fast usable speed. These features make the 51C256HL ideally suited for cache based mainframe and mini 
computers, graphics, digital signal processing, and high performance microprocessor systems. 


The 51C256HL offers a maximum standby current of 100 1A when RAS = Vpp-0.5V. During standby (i.e. refresh 
only cycles) the refresh period can be extended to 32 ms to reduce the total current required for data retention 
to less than 230 pA (max). The 51C256HL combines low power with high density for portable and battery back- 
up applications. — 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


A 

Din | 
DD : 
Ss 


, 
2 
3 
4 
5 
6 
7 
8 


Intel Corporation Assumes No Responsibility for the Use. of Any Circuitry Other Than Ciruitry Embodied in an Intel Product. No Other Circuit 
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ABSOLUTE MAXIMUM RATINGS?t 


Ambient Temperature Under 

BIAS si tse ho iehs Otianutneae oes -10°C to +80°C 
Storage Temperature. ..Plastic -55°C to + 125°C 
Voltage on Any Pin except Vpp and Doyrt 


Relative to Vgg.. 6... ee ee ee -2.0V to 7.5V 
Voltage On Vpp Relative to Vgg... .. -1.0V to 7.5V 
Voltage on Doyt 

Relative to Vog............. -2.0V to Von + 1V 
Data Out Current...................... 50 mA 
Power Dissipation...................... 1.0W 


D.C. CHARACTERISTICS! 


Parameter 


Vpp Supply Current, 
Operating 


Vpp Supply Current, 
TTL Standby 


Vop Supply Current, 


RAS-only Refresh 


Vop Supply Current, 
Ripplemode 


Vop Supply Current, 
Standby, Output Enabled 


Vpp Supply Current, 


CHMOS Standby 


Input Load Current 
(any pin) 


Output Leakage Current for 
High Impedance State 


Input Low Voltage 
(all inputs) 


Input High Voltage 
(all inputs) 


Output Low Voltage 


Output High Voltage 


NOTES: tt Available 1 1985 
1. All voltages referenced to Vag. 
. Typical values are at T, = 25°C and Vpp = + SV. 


TCOMMENT: 

Stresses above those listed under ‘‘Absolute Maxi- 
mum Rating’’ may cause permanent damage to the 
device. This is a stress rating only and functional oper- 
ation of the device at these or at any other conditions 
above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Ta =0°C to 70°C, Vpn =5V + 10%, Vog = OV, unless otherwise noted. 


Test Conditions 


RAS at V,,,, CAS at V,,, all other 
inputs and output = Veg 


RAS = Vpp — 0.5V and CAS at V),, 
all other inputs and output = Vg 


RAS and CAS at Vj, 
Dout = Vss tO Voo 


9 

3. Ipp is dependent on output loading when the device output is selected. Specified |,, (max) is measured with the output open. 

4. Ipp is dependent upon the number of address transitions while CAS is at V,,,. Specified Ipp (max) is measured with a max- 
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode. 


On 


and 50 pF. 


Specified V,, (min) is steady state operation. All A.C. parameters are measured with V, (min) =Vgg and V),, (max) <= Vpp- 
. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads 
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CAPACITANCE! tNOTE: 
Ta = 25°C, Vpp =5V + 10%, Vss = OV, unless other- Capacitance is measured at worst case voltage lev- 
wise noted. els with a programmable capacitance meter. 


A.C. CHARACTERISTICS1,2,3 
Ta =0°C to 70°C, Vpp = 5V + 10%, Vss = OV, unless otherwise noted. 


Read, Write, Read-Modify-Write and Refresh Cycles 


Symbol Baran okay 51C256HL-15 51C256HL-20 


JEDEC 
Symbol 


tras RAS Pulse Width 


taLorio tac | Random Read or Write Cycle Time 


taLiRHt 


AE 


tap AS Precharge Time 

tRL1CH1 tcsH AS Hold Time 

tcLich: | tcas CAS Pulse Width 

twrp Write to RAS Precharge Time 
taWH RAS to Write Hold Time 

tasr Row Address Set-up Time 


Ri ce a 


pele ~-e | =e 1 = = 
a O12 {2 Ey 
= iS) i> D iS) 
x QIZ 16 2 

ine) Nh 


tWH2RL2 


tRLiwe2 


tRaH Row Address Hold Time 
tcp 


tcHeRL2 tcrp 


trLicit taco 


tavcL2 tasc 


tcoL1ax 


tcaH 
tar | Column Address Hold Time From RAS 
| treri Time Between Refresh 


3] 


N 

1. All voltages referenced to Vss. 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex- 
tended periods of bias without clocks (greater than 32 ms). 

3. A.C. Characteristics assume tr =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 
Vit(min) = Vss and Vin (max) < Vpp. ; 

4. trcp (max) is specified for reference only. ao 

5. The 51C256HL extends the refresh period to 32 ms during RAS-Only refresh operation. 

6. tr is measured between Viy (min) and Vi. (max). 


RVRV 


Re ee ee 
am) D 

< 

D 

< 


CLIQXx | 


tcH2ax 


—s — ; —_—h Ss —d sy —_s awk, 
Sito} [| | falslals|=[elole|~fola 
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A.C. CHARACTERISTICS (Con'’t.) 
Read Cycle 


fmt] remem ra 
Parameter 


Access Time From RAS. 
- Access Time From CAS ; 


tavav tcaa Access Time From Column Address 


RAS Hold Time (Read Cycle) 
Read Command Set-up Time 
Column Address to RAS Set-up Time 


Read Com. Hold Time Referenced to CAS 
Read Com. Hold Time Referenced to RAS 


Parameter 


NOTES: 
7. Assumes that tacp Stacp (Max). If tacp > tacp (Max), then tgac will increase by the amount that tacp exceeds tacp (max). 
8.. ASSumeS tacp = tacp (max). 
9. If taso <(toaa (MAX) - toac (Max) - t;), then access time is defined by toa, rather than by toac. 
10. Either tac, Or tan, must be satisfied. a eee 
11. twos, tawn; tewp and tawp are specified as reference points only. If twos = twos (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the date out pin will remain in high impedance throughout the entire cycle. If towp =towp (min) and 
tawp 2 tawn (Min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read 
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate. 
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A.C. CHARACTERISTICS (Con'’t.) 
Read-Modify-Write- Cycle12 


Parameter 


tawc Read-Modify-Write (RMW) Cycle Time 
tRLiRH(RAMW) | tRaRW RMW Cycle RAS Pulse Width 
tcL1CH1(RMW) RMW Cycle CAS Pulse Width 


RAS to WE Delay 
CAS to WE Delay 


Column Address to WE Delay 


Syma Parameter 


Access Time From Cotumn Precharge 
Ripplemode Read or Write Cycle 80 


[42 tcLecL2(RRMW)| tecm 


NOTES: 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 

13. twos; tawo: tewo aNd tawp are specified as reference points only. If twos = twos (min), the cycle is a CAS controlled write cycle 
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tewp = tewp (min) and 
tawo = tawp (min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read 
from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate. 

14. All previously specified A.C. Characteristics are applicable. 

15. Access time is determined by the longer of toa, OF teac OF toap. 
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WAVEFORMS 
Read Cycle 


tre (2) 
tras (1) tests 
Vina 


Virb 


tep (10) 


tRsH(R) (21) | 


Vin b : . 
tRRH (25)¢ 
ieee an| | 
Vin b 
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) 
on 


tasR (8) 

Vin a 
Aorhs a ¢ COLUMN 

Vin b AV. 

| trac (18) | ae 
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OH c 
IMPEDANCE | eg 

Dour HIGH EDA > maT 
V . 

Old 


t 
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NOTES: a,b. Vi (min) and V;_ (max) are reference levels for measuring timing of input signals. 
c,d. Von (min) and Vor (max) are reference levels for measuring timing of Dour. 
e. Either tacy or tary must be satisfied. 
f. torr is measured to lout = Heol . 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 


tre (2) 
tras (1) trp (3) 
a Vin a 
RAS 
Vv 
7 tasH(W) (26) 
tesn (4) 
. torP (11) A$$ tren (12) tcas (5) tep (10) 
aes: fHa : 
twap (6) 
Vv a nial twrp (6) 
IH a : 
oe a a a Ge ie Sr Se ae ae 2) 
lH a 
aD, Cae «SN 
Vv 
7 tase (13) toan (14) 
tos (32) tox (33) 
Vin a 
om XK XK XXKXXKX XK KKK KA KKK KKK KKK KKK KKK KAA 
D Vou c HIGH IMPEDANCE 
OUT 
Vou a 
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NOTES: a,b. Vin (min) and V,, (max) are reference levels for measuring timing of input signals. 
c,d. Vow (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in. 
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WAVEFORMS (Cont.) 
Write Cycle (WE Controlled)f 


tac (2) 
tras (1) tap (3) 
Vina 


RAS 
Vit b 


tasHw) (26) 


torp (11) tesH (4) 
tren (12) teas (5) top (10) 
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Vit b . omnes 
eee trwe (27) P 
twarp (6) twrp (6) 


Vit b 


SD, Sie ¢:¢, Sc |, QO Z 

mm , AX RXR KERRIER [enw RIRRRR IKI OKIE KIKI KIRK KICKER 
ton (16) | tore (17) 

Dour ay _ HIGH IMPEDANCE _ HIGH IMPEDANCE 
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NOTES: a,b. V4 (min) and V;, (max) are reference levels for measuring timing of input signals. 
c,d. Vow (min) and Vo, (max) are reference levels for measuring timing of Dour. 


e. torr is measured to lout |Iol. 
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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WAVEFORMS (Cont.). 
Read/Modify/Write Cycle 


tawe (34) 
tanw (35) trp (3) 


ie 4 pa Poach 
twp (6) — tawo (37) town (28) 


ee ms oe 
F/I SLL LLL LL LV 
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Viet» AA AAARAAAAAAAAAAANAAAAAARPAAAA ML[LLVJLVJLVJAVJLVAVJLVJAVJVJVJVJ\V JV JJ J\VJAV JV JJ JJ J JJ JVfVfVJfJ VV 
Pw Va b XXKX 0 9.9,0,%,4 KXXXAKAK {\ .4,4,9,9,9,9,.9,9,9,4 4,4.9,9,9,9,9,9,9.9,0.' A 9, .9,9,9.9,9,9,9,9,9,9,9,9,9,' MX ,9,.4,9,0,' 
te 
sae AC (19) 
Vv c 
oo a i 2 
ton (16) C1593 


NOTES: a,b. Vy, (min) and Vj, (max) are reference levels for measuring timing of input signals. 
c,d. Voy (min) and Vo, (max) are reference levels for measuring timing of Dour. 
€. tore is measured to lout < | ILol- 
f. tps and tp are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 


RAS 


Ag-A7 


RAS-Only Refresh Cycle | 
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NOTES: a,b. Vi (min) and Vi, (max) are reference levels for measuring timing of input signals. 


c,d. Vow (min) and Vo, (max) are reference levels for measuring timing of Dour. 
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WAVEFORMS (Cont.) 
Ripplemode Read Cycle 


tras 1.) 
Vin | 
RAS ; 
Vit b 
tesH (4) 
terp (11) tae tee (41) 
tacp isi EE 
Vin a 
ons a aan One 
Yinb 
WE 
Vit b 
tasr (8) 
Vin a 
AgrAg 
Vir b 
toac (19) 
toa (20) 
trac (18) 
VoH c HIGH IMPEDANCE 
Dout 
Vou d 
ton (18) 


NOTES: a,b. Vix (min) and Vi, (max) are reference levels for measuring timing of input signals. 
C,d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e. Either tach Or tary must be satisfied. 
f. torr is measured to lout S | Ito}. 


toac (19) 
tcaa (20) 


trp (3) 
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WAVEFORMS (Cont.) 
epreree Write Cycle (CAS Controlied)e 


tras (1) 
Vino . 
RAS . 
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Von c HIGH IMPEDANCE 


Dour 


NOTES: a,b. Vj, (min) and V\, (max) are reference levels for measuring timing of input signals. 
c,d. Von (min) and Vor (max) are reference levels for measuring timing of Dour. 
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column.addresses and data-in. 
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WAVEFORMS (Cont.) | 
Ripplemode Write Cycle (WE Controlled)f 
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NOTES: a,b. Vi, (min) and V,, (max) are reference levels for measuring timing of input signals. 
c,d. Vox (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. tore | is measured to Jour s lILol. 
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches the data-in. 
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WAVEFORMS (Cont.) 
Ripplemode Read/Modify/Write Cyclef 
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ee = 
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NOTES: a,b. Vi, (min) and Vi. (max) are reference levels for measuring timing of input signals. 
c,d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
e@. torr | is measured to lout < r= |hol. 
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in. 
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WAVEFORMS (Cont.) 
Ripplemode Read/Write/Read/. . . Cycle (CAS Controlled)f 
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NOTES: a,b. V4 (min) and V,, (max) are reference levels for measuring timing of input signals. 
C,d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour. 
@. torr IS Measured to Iout < | ILol. 
f. WE is low prior to or simultaneously with CAS low transition. CAS latches column addresses and data-in 
g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 12 for timings. 
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WAVEFORMS (Cont.) | a 
Ripplemode Read/Write/Read/. . . Cycle (WE Controlled)f 
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NOTES: a,b. Vi, (min) and V,, (max) are reference levels for measuring timing of input signals. 


c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Dour. 
©. tore iS measured to lours Ilo! : 
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in. 


i DATA OUT 
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g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 13 for timings. 
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FUNCTIONAL DESCRIPTION 


The 51C256HL is a CHMOS dynamic RAM optimized 
for both high data bandwidth and low power applica- 
tions. The functionality is similar to a traditional dy- 
namic RAM. The 51C256HL reads and writes data by 
multiplexing an 18 bit address into a 9 bit row and a 
9 bit column address. The row address is latched in 
by the Row Address Strobe (RAS). The column ada- 
dress, however, flows through the internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
mee a valid column address, the delay time between 

and CAS can be long without affecting the ac- 
cess time. 


Memory Cycle 


The memory cycle is initiated by bringing RAS low. 
Any memory cycle once initiated must not be ended 
or aborted prior to fulfilling the minimum tras timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tap and 
tcp, has elapsed. 


Read Cycle 


A read cycle is performed by maintaining the Write 
Enable (WE) signal high during the RAS/CAS opera- 
tion. The column address must be held for a minimum 
time specified by tap. Data out becomes valid only 
when trac, tcaa, and tcoac are all satisfied. Conse- 
quently, the access time is dependent upon the tim- 
ing relationship among trac, tcoaa and teac. For 
example, the access time is limited by toa, when trac 
and tcac are both satisfied. 


Write Cycle 


A write cycle is performed by taking WE and CAS low 
during a RAS operation. The column address is 
latched in by CAS. The write cycle can be WE con- 
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the input 
data must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. _ Ina CAS controlled 
write cycle (the leading edge of WE occurs prior to or 
coincident with the CAS low transition) the output 
(Dour) pin will be in the high impedance state at the 
beginning of the write function. Terminating the write 
action with CAS will maintain the output in the high im- 
pedance state; terminating with WE allows the output 
to go active. 


The 51C256HL incorporates a self-timed write feature 
which simplifies the system interface. The write func- 
tion is internally timed on a write command which al- 
lows for a fast write pulse width and a fast write 
precharge time, thus eliminating the need for critical 
placement of transitions during the write cycle. 


51C256HL 
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Refresh Cycle 


To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (Ap through 
A,) with RAS at least every 4 milliseconds. Any Read, 
Write, Read-Modify-Write, or RAS-Only cycle will per- 
form refresh. 


Extended Refresh Cycle 


The 51C256HL extends the refresh cycle period to 32 
milliseconds for RAS-Only refresh cycles. This featuré 
reduces the total current consumption to a maximum 
of 230 micro Amperes, and typically 90 micro Am- 
peres, for data retention (RAS-Only refresh operation 
for the 51C256HL-20). The low standby current can 
significantly extend battery life in battery back-up ap- 
plications. Current consumption is calculated from the 
following equation: 


(tac lactive) + (ta: — tac) (IstanpBy) 


ie 
tri 


where tac = refresh cycle time, 
and ta; =refresh interval time or tp--/256 


Before entering or leaving an extended refresh peri- 
od, the entire array must be refreshed at the normal 
interval of four milliseconds. This can be accom- 
plished by either a burst or distributed refresh. 


Ripplemode™ Operation 


Ripplemode operation permits all 512 columns within 
a selected row of the device to be randomly accessed 
at a high data rate. Maintaining RAS low while succes- 
sive CAS cycles are performed, retains the row ad- 
dress internally, eliminating the need to reapply it. The 
column address buffer acts as a transparent or flow 
through latch while CAS is high. Access begins from 
the valid column address rather than from CAS, 
eliminating tasc and ty from the critical timing path. 
CAS latches the addresses into the column address 
buffer and acts as an output enable. 


During this operation read, write, read-modiy-write, or 
read-write-read cycles are possible at random or se- 
quential addresses within a row. Following the entry 
cycle into Ripplemode operation, access time is tcaa 
Or tcap dependent. If the column address is valid pri- 
or to or coincident with the rising edge of CAS, then 
the access time is determined by the rising edge of 
CAS specified by tcap as shown in Figure 1. If the 
column address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tca,. For both cases, 
the falling edge of CAS latches the address and ena- 
bles the output. 


Ripplemode operation provides a sustained data rate 
over 12 MHz for applications that require high data 
rate such as bit mapped graphics or high speed sig- 
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nal processing. The following equation can be used eight initialization cycles (any combination of cycles 
to calculate the data rate: | containing a RAS clock such as RAS-Only refresh). 
| Eight initialization cycles are required after extended 

Data Rate =; 3 2 periods of bias without clocks (greater than 32 ms). | 
Rc + PC The Vpp current (Ipp) requirement of the 51C256HL 
| F during power on is dependent upon the input levels 
Data Out Operation of RAS and CAS. If RAS = V,, during power on, the 


The 51C256HL Data Output our) which has three- device would go into an active cycle and Ipp would 


state capability, is controlled by . During CAS high exhibit large current transients. It is recommended 

state (CAS at v),,), the output is in the high im- that RAS and CAS track with Vpp or be held at a valid 

pedance state. Table 1 summarizes the Doyy state Vin during power on. i 

for various types of cycles. 
References 

Power On For further details see Application Note (A.P.) #171, 

An initial pause of 100 us is required after the appli- Low Power with CHMOS DRAMS, and A.P. #172, 


cation of the Vpp supply, followed by a minimum of CHMOS DRAMS in Graphics Applications. 


Table 1. Intel 51C256HL Data Output Operation for Various Types of Cycles 


Data Out of State : 
Data from Addressed Memory Cell 
High Impedance 


WE Controlled Write Cycle (Late Write) 
| 
Read-Write-Read Cycle (WE Controlled) 


aa VALID COLUMN ADDRESS ( VALID COLUMN ADDRESS 
| VALID : -_—_-—— (} = VALID | 


Figure 1. Ripplemode™ Access Time Determination | 
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51C259H 
HIGH PERFORMANCE STATIC COLUMN 64K x 4 
CHMOS DYNAMIC RAM 


51C259H-15 | 51C259H-20 
a Cs a ee 


Maximum Access Time (ns) 
Maximum Column Address Access Time (ns) 


=» Static Column Mode Operation | » Fast “Usable Speed” 
- Continuous data rate over 12 MHz - tceac = 30, 35 ns 
- Random access from address - toac = 25, 30 ns 
within row 


» Low Input/Output Capacitance =» Fully TTL Compatible 


« Low Operating Current - 65mA (max.) » High Reliability Plastic - 18 Pin DIP 


The Intel® 51C259H is a high speed 65,536 x 4 dynamic Random Access Memory. Fabricated on 
Intel’s CHMOS III-D technology, the 51C259H offers features not provided by an NMOS dynamic RAM: 
Static Column Mode for high data bandwidth and fast usable speed. All inputs and outputs are TTL 
compatible and the input and output capacitances are significantly lowered to allow increased system 
performance. 


Static Column Mode operation allows random or sequential access of all 256 bits within a row simply 
by changing the column address. Because column address access time is as fast as 70 ns, a continu- 
Ous data rate of over 12 million 4 bit nibbles per second can be achieved. The 51C259H offers high per- 
formance while relaxing many critical system timing requirements for fast usable speed. These fea- 
tures make the 51C259H ideally suited for graphics, digital signal processing. and high performance 
systems. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


RAS ROW ADDRESS STROBE 
CAS COLUMN ADDRESS STROBE 


WE WRITE ENABLE 
OUTPUT ENABLE 
Ao-Az ADDRESS INPUTS 
1/0;-1/0, DATAIN/DATA OUT 
Vop POWER (+5V) 
ss 


Vv GROUND 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit 
patent licenses are implied. . 


Copyright, Intel Corporation, 1984 AUGUST, 1984 
Order Number: 280033-001 
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51C259H PIRES LIMINARY 
ABSOLUTE MAXIMUM RATINGSt | 
Data Out Current ................. 0 eee 50ma 
Ambient Temperature Power Dissipation ...................005 1.0W 
Under Bias .............. — 10°C to + 80°C 
Storage 
Tomporturs pean ee we esse ie those listed under “Absolute Maximum 
MReIatIVE tO Vi eee to7.sv Rating” may cause damage to the device. This is 2 
Voltage on V stress rating only and functional operation of the device 
: DD at these or at any other conditions above those indicated 
Relative toVsg ...........---. — 1.0V to 7.5V in the operational sections of this specification is not 
Voltage on Dour implied. Exposure to absolute maximum rating condi- 
Relative toVsxg .......... —2.0V toVpp + 1V tions for extended periods may affect device reliability. 
D.C. CHARACTERISTICS! 


Ta=0°C to 70°C, Vpp = 5V + 10%, Vsg = OV, unless otherwise noted. 


on 
= 
2) 
NO 
oi 
NIO 


Parameter 


Vpp Supply Current, 
Operating 


Vpp Supply Current, 
TTL Standby 


o 
S) 
—_ 


Vpp Supply Current, 


I *0D* 
DD3 | RAS-Only Refresh 


2 


Vpp Supply Current, 


| 
unt Static Column Mode 


Vpp Supply Current, 
Standby, Output Enabled 


Input Load Current 
(any pin) 


~ 


Output Leakage Current, 
High Impedance State 


1 Input Low Voltage 
I (all inputs) 


lre<e — 
Oo 


Oo 
re) 


ge 


Input High Voltage 


Vii (all inputs) 


Output Low Voltage 


(all outputs) 


Output High Voltage 


On (all outputs) 


< < 
O 

Nn 

h 


NOTES: 1. All voltages referenced to Vss. 


= 
— : 
r=) Oo i 


< 
O 
Oo 

+ 

= 


Test Conditions 


RC=tRC(min), for -15 specification 


RC=tRC(min), for -20 specification 


> 
\ 


> 


RAS and CAS at Vip, all other inputs 
and outputs = Vss 


C = tRC(min): for-15 specification 
C = tRC(min), for -20 specification 


inimum cycle for -15 specification aod 
inimum cycle for -20 specification 


RAS at Vj}, CAS and OE at Vj,, all 
other inputs and outputs = Vss 


IN = Vss to Vpp 


AS and CAS at Vip, 
out = Vss to Vop 


Oo D 


lol =4.2mA 


fe) 

x 
| 

a 
3 
> 


= = 3 373 }3)3 3 3/3 


2. Typical values are at Ta = 25°C and Vpp = +S5V. 
3. Ipp is dependent upon output loading when the device is selected. Specified pp (max) is measured with | 


the output open. 


4. Ipp is dependent upon the number of address transitions. Specified I[pp(max) is measured with a maxi- 
mum of two transitions per address input per random cycle, one transition per access cycle in Static 


Column Mode. 


5. Specified Vi, (min) is steady state operation. During transitions, Vj_ may undershoot to -1.0 V for periods 
not to exceed 20 ns. All A.C. parameters are measured with Vi_ (min) = VSs 2nd Vit (max) = VoD: 


6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured as noted in the 


A.C. Characteristics section. 
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CAPACITANCET tNOTE: 

Capacitance is measured at worst 
Ta= 25°C, Vpop=5V + 10%, Vss=OV, unless case voltage levels with a pro- 
otherwise noted. grammable Hewlett Packard capaci- 


tance meter. 


[Symbot | Parameter __|Typ. 
RAS, CAS, WE 


Data In/Out 


A.C. CHARACTERISTICS ' 2° 
Ta=0°C to 70°C, Vpp=5V + 10%, Vss= OV, unless otherwise noted. 


Read, Write and Refresh Cycles 


JEDEC 
1 Row Address Set-up Time 
Row Address Hold Time 
pe fereesieomanememme 
a 


NOTES: « This parameter not applicable if operated with CAS grounded. 

1. All voltages referenced to Vss. 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight 
initialization cycles (any combination of cycles containing a RAS clock such as RAS-Only refresh). Eight 
initialization cycles are required after extended periods of bias without clocks (greater than 4 ms). 

3. A.C. Characteristics assume tt=5ns. All A.C. parameters are measured with VoL =0.8V at loL-2.2 mA, 

VOH=2.4V at lon= — 2.0 mA with a 50 pF load, Vit(min) = Vss and Vin(max) S Vopp. 
Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent). 

At any given temperature and voltage combination, tHz(max) < tLz(min) from device to device. 
tT is measured between ViH(min) and Vit (max). 


51C 


NO 
oa 
© 
=x 
nN 
oO 


Parameter | Notes 


—~ |} @® ith 
OoOfr-to 
Orn pto 


ooh 


75000 


Qe) 
oO 
Oo 


ff af 


NO NO 
i) GO 
ay > io] } 


— 
ey) ro) 
nN ee ne 


~< 
He 


Oar 
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A.C. CHARACTERISTICS (continued) 


Read Cycle 


JEDEC 
Symbol 


tRL1QV trac Access Time From RAS 
CL1QV Htcac | Access Time From CAS 


GL1QV Access Time From OE 
AVQV Htoan | Access Time From Column Address 
tCL1RH1 tRSHIR)* RAS Hold Time (Read Cycle) 
WH2CL2 Read Command Set-up Time 
AVRH1 tCAR Column Address to RAS Set-up Time 
Column Address Hold Time From RAS (Read) 
: Read Com mand Hold Time Referenced to CAS 
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Read Command Hold Time Referenced to RA 
| taRH Column Address Hold Time to RAS 
RAS to Column Address Delay Time 


AXQX Output Hold Time From Address Change 
Output Hold Time From OE or CAS 
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Write Cycle 


tCL1RH1 RAS Hold Time (Write Cycle) 

27] tRL1WL2 RAS to Write Command Lead Time 
tWL1RH1 rite Command to RAS Lead Time 

. tWL1CH1 rite Command to CAS Lead Time 

tWL1WH1 Write Command Pulse Width 


twHawca| twop | Write Command Precharge Time 
tWLicL2 Write Command Set-up Time 

tCL1WH1 Write Command Hold Time 

RL1WH1 Write Command Hold Time From RAS” 


AVWL2 Column Address to Write Command Set-up Time 


NOTES: * This parameter not applicable if operated with CAS grounded. 
) 7. Assumes that tRAD S tRaD(max) if trap > tRap(max), then trac will increase by the amount that trap 
exceeds tRap(max). 

8. tRAD is specified for reference only. 

9. twcs, tRwp, tcwo, tawp and town are specified as reference points only. If twcs = twcs(min), the cycle 
is a CAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE 
low. If tcowo = tcwo(min) and tkwp = trwo(min) and towp = towp(min) and tawp = tawp(min), then the 
cycle is a read-modify-write cycle and the data out will contain the data read from the selected address. If 
any of the above conditions are not satisfied, the condition of data out is indeterminate. 
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Column Address to Write Command Hold Time 
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A.C. CHARACTERISTICS (continued) 


Write Cycle (Continued) 


SEDEC Parameter 
Symbol 


40 OE Set-up Time From End of Write 


AY OE Hold Time From GAS: 


Read-Modify-Write Cycle '° 


42 Read-Modify-Write (RMW) Cycle Time Psi0| | 
re FAS Pulse Wiain (AM) Felon eral 


44 GAS Pulse Width (RMW) 
4 Column Address Hold Time From RAS (RMW) | 205 
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Static Column Mode '2 
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NOTES: « This parameter not applicable if operated with CAS grounded. 

10. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are 
previously specified. 

11.twcs, trwp, tcwp, tawo and towp are specified as reference points only. If twcs = twcs(min), the cycle 

~ is aCAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE 
low. If tcwp = tcwo(min) and tawo = trwo(min) and towp = towp(min) and tawp = tawp(min), then the 
cycle is a read-modify-write cycle and the data out will-contain the data read from the selected address. If 
any of the above conditions are not satisfied, the condition is of data out indeterminate. 

12. All previously specified A.C. characteristics are applicable. 

13. Access time from a write command to a read command is determined by the longer of tcaa or twPa or 
tWRA. 
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WAVEFORMS 
READ CYCLE 


—— tre (2) 
V2 tras (1) : trp (3) 
pol ere ee Ta] : 
RAS 5 
y —_ 
IL trsHir) (16) 
tcsu (4) ——- ? 
—toas (5) 
Vin? 


CAS SSSR 


Vi? | 
twrp (6) 
Vin’ 


WE : = tcar (18) 

Vin t 

need anne 3 
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tasr (8)+- - tran (9) aE tel 

Vie . , j < . : > 
AoA, (ROW KA | eee COLUMN | ab 
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ck —trac (12) tona (24) 
or j 
Te) ; 7 : i Oe | DATA OUT 
f 
ton (25) 
eg 
tuz 1) fg 
tz (10) 
eas Vin’ = t+—toac (14) ; eee 
OE yet AAAAAAAS . , | = ALL L444 44h b Lo 
iL 
NOTE: a.b. Vyy(min) and Vy (max) are reference levels for measuring timing of input signals. 
c.,d. Voy(min) and Vo, (max) are reference levels for measuring timing of Doyt. 

e. ty zis referenced to the later of RAS, CAS, and CE low transition. 

f. tpyzand {OH are referenced to the earlier of CAS or OE high transition. 

g. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 

h. Either tacy or taRy must be satisfied. 

i. IftaRy = tanp(min), then data from the last address will be latched on Doyy bya RAS high transition, until either a CAS or OE high transition releases thedata. C1608 
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WAVEFORMS (Cont’d.) 
WRITE CYCLE (CAS Controlled) ° 


tre (2) 


tras (1) tre (3) 
Vin’ 


Vie | 
Vin? c 
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twrp (6) 
a 
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b. Vin (min) and Vip (max) are reference leveis for measuring timing of input signals. 

c. twor is reference to the later of the CAS or WE low transition. 

d. if the low transition of WE occurs before or simultaneously with the low transition of CAS and the.high transition of CAS or RAS occurs before the high transition of WE, 
then the outputs remain in a high impedence state (i.e., OE is a don’t care). 

e. WE is low prior to or simultaneously with CAS low transition. CAS is high prior to RAS low transition. 
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WAVEFORMS (Cont’d.) 
WRITE CYCLE (WE Controlled) ‘ 


tre (2) 
tras (1) io 
Vin’ 
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tesn (4) 
i 7 teas (5) 
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Vip (min) and Vy (max) are reference levels for measuring timing of input signals. 
. twpr is reference to the later of the CAS or WE low transition. 


_ Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
._ CAS is low prior to the WE low transition. 


b 

Cc =—_— ee 

d. tyyz is referenced to the earlier of the CAS or OE high transition or WE low transition. 
e 
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WAVEFORMS (Cont’d.) 
READ/MODIFY/WRITE CYCLE 


-trwc (42) 
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Db. Vyy(min) and Vy (max) are reference levels for measuring timing of input signals. 
d. Voy (min) and Vc, (max) are reference levels for measuring timing of Doyr. 

e. t_zis referenced to the later of RAS, CAS. and OE low transition. 
f 
g 


. tyzand 'OH are referenced to the earlier of the CAS or OE high transition. 
. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
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WAVEFORMS (Cont’d.) 
RAS—ONLY REFRESH CYCLE 


Cre (2) 
tras (1) trp (3) 
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— ss Vin * - . 
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NOTE: a.,b. Vys(min) and Vy (max) are reference levels for measuring timing of input signals. 
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NOTE: a. 


WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE READ CYCLE 


Toa ) trp (3) 
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b Vyy(min) and Vy (max) are reference levels for measuring timing of input signals. 
d Voy (min) and Vc, (max) are reference levels for measuring timing of Doyrt. 

e t,zis-referenced to the later of RAS, CAS. and OE low transition 
f 
g 
h 


tyz and toy are referenced to the earlier of the CAS or OE high transition. 
g. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
. Either tacy or taRy must be satisfied. 
IftaRH 7 taRH (min): then data from the last address will be latched on Doyy by aRAS high transition, until either a CAS or OE high transition releases the data. 
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NOTE: a. 


WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE WRITE CYCLE (CAS Controlled) 9 


. a tras ) trp (3) 
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f ; f 
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"WIZZ L 
b 
IL 
b. Viy(min) and Vy (max) are reference levels for measuring timing of input signals. 
C. twpr is reference to the later of the CAS or WE low transition. 
d. tyz is referenced to the earlier of the CAS or OE high transition or WE low transition. 
e. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
f. twop Ss measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition. 
g. WE is low prior to or simultaneously with a CAS low transition. CAS is high prior to a RAS low transition. 
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WAVEFORMS (Cont’d.) _ 
STATIC COLUMN MODE WRITE CYCLE (WE Controlled) 9 
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b. Viyy(min) and Vy (max) are reference levels for measuring timing of input signals. 
Cc. twopr is reference to the later of the CAS or WE low transition. 

d. tz is referenced to the earlier of the RAS or CAS or OE high transition. 
e 

f 

g 


. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
- twop is measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition. 
. CAS is low prior to a WE tow transition. 
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WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (CAS Controlled) ® 
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Vir 29) 
b. Viyy(min) and Vy (max) are reference levels for measuring timing of input signals. J 
d. Voy (min) and Voc; (max) are reference levels for measuring timing of Doyr. = 
e. ti 7 is referenced to the later of RAS, CAS, and OE low transition. = 
f. thyz and toy are referenced to the earlier of CAS or OE high transition. ead 
g. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). > 
h. WE is low prior to or simultaneously with a CAS low transition. So} 

i. The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11 or 12 for timings. C1 616 ae 
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WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE READ/WRITE/READ... CYCLE (WE Controlled) " 
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NOTE: a.,b. Vy4(min) and Vy (max) are reference levels for measuring timing of input signals. fo 
c.,d. Vopy(min) and Voc, (max) are reference levels for measuring timingofDoyT.__ ss 
e..t, zis referenced to the later of RAS, CAS, and OE low transition if RAS and CAS and OE are low. ce 
f. tyz and {OH are referenced to the earlier of CAS or OE high transition. QZ 
g. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
h. CASis low prior to a WE low transition. 2 
i. The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11 or 13 for timings. C1617 29) 
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FUNCTIONAL DESCRIPTION 


The 51C259H is a CHMOS dynamic RAM opti- 
mized for high data bandwidth applications. The 
functionality is similar to a traditional dynamic 
RAM. The 51C259H reads and writes 4 bits of 
data at a time by multiplexing a 16 bit address 
into an 8 bit row and an 8 bit column address. 
The row address is latched in by the Row Ad- 
dress Strobe (RAS). The column address, 
however, is only latched during a write cycle by 
the later of either Column Address Strobe (CAS) 


or Write Enable (WE). During the read cycle, the. 


column address is not latched and continuously 
flows through the internal input latches. Access 
time is primarily dependent upon a valid column 
address. CAS acts as chip select signal and can 
remain low during the entire memory operation. 


Memory Cycle 


The memory cycle is initiated by bringing RAS 


low. Any memory cycle once initiated must not 
be ended or aborted prior to fulfilling the 
minimum tras timing specification. This ensures 
proper device.operation and data integrity. 
Additionally, a new cycle cannot be initiated 
until the minimum precharge time, trp, has 
elapsed. 


Read Cycle 


A read cycle is performed by maintaining the 
Write Enable (WE) signal high during the RAS 
operation. The column address must be held for 
a minimum time specified by tare. CAS may 


either be held low or be pulsed similar to the’ 
traditional CAS operation. Data out is controlled — 


by the Out Enable (OE) and CAS which is 
discussed in the Data Out Operation. 


For applications where CAS is held low, the data 
out becomes valid when trac tcaa and toac are 
all satisfied. 


For applications where CAS is pulsed similar to 
the traditional CAS operation, the additional 
timing specifications noted by the asterisks in 
the A.C. Characteristics are applicable. Data out 
becomes valid only when trac, tcaa, toac, and 
tcac are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among trac, tera, toac: and tcac. For example, 
the access time is limited by tcaq when trac, 
toac, and tcac are all satisfied. 


Write Cycle 


A write cycle is performed by taking WE low 
' during a RAS operation. The column address is 


latched in by the later of WE or CAS. As in the 


read cycle, CAS may either be held low or be 
pulsed similar to the traditional CAS operation. 
For applications where CAS is held low, the 
input data must be valid at or before the falling 
edge of WE. For applications where CAS is 
pulsed similar to the traditional CAS operation, 
the additional timing specifications noted by the 
asterisks in the A.C. Characteristics are 
applicable. The input data must be valid at or 
before the falling edge of WE or CAS, whichever 
occurs last. Consequently, the write cycle can 


-be WE controlled or CAS controlled depending 


upon the later of WE or CAS low transition. In a 
CAS controlled write cycle (the leading edge of 
WE occurs prior to or coincident with the CAS 
low transition) the input/output (I/O) pin will be 
in the high impedance state at the beginning of 
the write function. Terminating the write action 
with CAS will maintain the I/O in the high 
impedance state; terminating with WE allows the 
output to go active, and the OE must be brought 
high to allow for inputs on the I/O. 


The 51C259H incorporates a self-timed write 
feature which simplifies the system interface 
and optimizes data bandwidth. After the write 
function has been initiated, the 51C259H inter- 
nally completes the write action and unlatches 
the address and data latches. Thus, the latches 
are ready. for the next input/output cycle. This 
eliminates the need for long address and data 
hold times during the write operation and allows 
a subsequent column address to be applied 
earlier. This minimizes a write pulse width, write 
precharge time, and hold time which provides 


maximum flexibility in system design. 


Refresh Cycle 


To retain data, a refresh operation is performed 
by clocking each of the 256 row addresses (Ap 
through A7) with RAS at least every 4 mil- 
liseconds. Any Read, Write, Read-Modify-Write, 
or RAS-Only cycle will perform refresh. 


Static Column Mode Operation 


Static column mode operation permits all 256 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Read, 
write, and read-write-read cycles can be 
performed during static column mode operation. 
The row address is internally retained by 
maintaining RAS active. Following the entry 
cycle into static column mode operation, the 
data is accessed simply by changing the column 
address. Because the column address buffer 
acis as a transparent or flow-through latch,. 
access begins from a valid column address. 
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Thus, the 51C259H operates like a static RAM 


for multiple accesses within the same row. CAS 


acts as a chip select. Intel’s Application Note 
172, CHMOS DRAMS in Graphics Applications, 
provides more details on static column mode 
operation. 


Data Out Operation 
The 51C259H Input/Output (I/O) is controlled by 


OE, CAS, WE and RAS. A RAS low transition en- 
ables data to transfer into and from a selected 
row address. A RAS high transition disables 
data transfer and will latch the output data if the 
output is enabled. After a memory cycle is initiat- 
ed by a RAS low transition, a CAS low transition 
or a CAS low level enables the internal I/O data 
path. A CAS high transition or a CAS high level 
disables the I/O data path and disables the 


output driver if the driver was enabled. A CAS 


low transition while RAS is high has no effect on 
the !/O data path, nor on the output/ driver. An 
OE low transition or an OE low level enables the 
output driver when the I/O data path is enabled. 
An OE high transition or an OE high level dis- 
ables the output driver, but does not disable the 
data latch when it has been enabled. A WE low 
level disables the output driver when a CAS low 
level occurs. If the WE low transition occurs 
after the CAS low transition such that the output 
driver is enabied prior to the WE low transition, it 


/s Ah 


is necessary to use OE to disable the output 
driver prior to the WE low transition to allow data 
in set-up time (tps). A WE high transition passes 
control of the output drive to OE. 


Power On 


An initial pause of 100 uS is required after the 
application of the Vpp supply, followed by a 
minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock 
such as RAS-Only refresh). Eight initialization 
cycles are required after extended periods of 
bias without clocks (greater than 4 ms). 


The Vpp current (Ipp) requirement of the 
51C259H during power on is dependent upon 
he input levels of RAS and CAS. If RAS = Vgg 
during power on, the device would go into an 
active cycle and Ipp would exhibit large current 
transients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid V,4 during 
power on. 


References 


For further details see Application Note (A.P.) 
#171, Low Power with CHMOS DRAMS, and A.P. 
#172, CHMOS DRAMS in Graphics Applications. 
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es 51C259L 
LOW POWER 64K x 4. 
‘CHMOS DYNAMIC RAM 


~ 51C259L-15 | 51C259L-20 | 


Maximum Access Time (ns) | 
Maximum CHMOS Standby Current (mA) 


s Low Power Data Retention e TTL And HCT Compatible 


- Standby current, CHMOS - | 
100A (max.) | = Low Input/Output Capacitance 


- Refresh period, RAS-Only - 32 ms (max.) = High Reliability Plastic - 18 Pin DIP 
- Data retention current - 230A (max.) = Column Address Not Latched During 
= Low Operating Current - 65 mA (max.) Read Cycle | 


The Intel® 51C259L is a low power 65,536 x 4 dynamic Random Access Memory. Fabricated on Intel’s 
CHMOS IlII-D technology, the 51C259L offers features not provided by an NMOS dynamic RAM: 
CHMOS standby current and extended RAS-Only refresh for low standby power. All inputs and outputs 
are compatible to both TTL and HCT logic families while the input and output capacitances are signifi- 
cantly lowered to allow increased system performance. 


The 51C259L offers a maximum standby current of 100 wA when RAS = Vop - 0.5V. During standby 
(i.e. refresh only cycles), the refresh period can be extended to 32 ms to reduce the total Current re- 
quired to retain data to less than 230 nA (max.). The 51C259L combines this low power with high densi- 
ty for portable and battery backup applications. : 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES» 


E 
E 
o-A7 


= | 
CAS : i 


1/0,-1/0, _DATAIN/DATA OUT | 


Vop POWER (+5V) 


GROUND 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit 
patent licenses are implied. ; 


Copyright, Intel Corporation, 1984 AUGUST, 1984 
ae , Order Number: 280034-001 


2-120 


intel 


ABSOLUTE MAXIMUM RATINGSt 


Ambient Temperature 


Under Bias ............. — 10°C to + 80°C 
Storage 

Temperature Plastic —55°C to + 125°C 
Voltage on Any Pin except Vpp and Doyt 

Relative tOVsx5 .............. — 2.0V to 7.5V 
Voltage on Vpp 

Relative toVs5 ...........00. —1.0V to 7.5V 


Voltage on Doyt 


Relative to Vss Bilpicinc ke aisles estas 8 —2.0V to Vop + 1V 


D.C. CHARACTERISTICS!" 


51C259L 


PRE IMIINIARY/ 
Data Out Current ..................... 50ma 
Power Dissipation ..................... 1.0W 


tCOMMENT 

Stresses above those listed under “Absolute Maximum 
Rating” may cause damage to the device. This is a 
stress rating only and functiona! operation of the device 
at these or at any other conditions above those indicated 
in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Ta=0°C to 70°C, Von = 5V + 10%, Vssg = OV, unless otherwise noted. 


51C259 


| 

< 

TG 
NO 


o 
Oo 
—_ s 


Vpp Supply Current 


Pa Standby, Output Enabled 
Vpp Supply Current, 
CHMOS Standby 


IlLol Output Leakage Current, 
High Impedance State 
V Input Low Voltage 
fe (all inputs) 
V input High Voltage 
7 (all inputs) 
y Output Low Voltage 
on (all outputs) 
y | Output High Voltage 2 
us (all outputs) 


NOTES: 1. All voltages referenced to Vss. 


= 
o| 5 ° 2 
db + = 
— 4 
3 


Test Conditions 


mA | tapc=tRC(min). for-15 specification 


3 
> 
D 
©) 
Lu 
m9) 
2 
= 
= 
o 
s 
' 
nN 
oO 
” 
x?) 
@ 
oh 
= 
5 
S 
3 


RAS and CAS at Vip, all other inputs 
and outputs = Vss 


-- 


RC = tRC(min): for-15 specification 
RC = tRC(min), for -20 specification 


> > 


2 
<[<<l<| < |<] 2 |= | 2 | 3 | 
| : 


A 


- 


RAS at Viz, CAS and OE at Vj,, all 
other inputs and outputs = Vss 


RAS and CAS = Vpp - 0.5V, 
all other inputs and output = Vss 


m 


RAS and CAS at Vip, 
DouTt = VsstoVpp 


lon =-5mA 


loH =-100 nA 


2. Typical values are at Ta = 25°C and Vpp = +S5V. 


3. Ipp is dependent upon output loading when the device is selected. Specified Ipp(max) is measured with 
the output open. 


4. Ipp is dependent upon the number of address transitions. Specified Ipp (max) is measured with a 
maximum of two transitions per address input per random cycle. 


5. Specified Vi_ (min) is steady state operation. During transitions, Vj_ may undershoot to -1.0 V for periods 
not to exceed 20ns. All A.C. parameters are measured with Vj, (min) = VSs 4nd ViH(max) = VoD- 


6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured as noted in the 
A.C. Characteristics section. 
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CAPACITANCET tNOTE: 

. Capacitance is measured at worst 
Ta= 25°C, Vop=5V + 10%, Vss=OV, unless | case voltage levels with a pro- 
otherwise noted. grammable Hewlett Packard capaci- 


i . tance meter. 


A.C. CHARACTERISTICS": ?:° 
Ta=0°C to 70°C, Vpp=5V + 10%, Vss=OV, unless otherwise noted. 


Read, Write and Refresh Cycles 


' Parameter 


oi 
oO 


3 RAS Precharge Time 


4 CAS Hold Time 1 


on 
jo) 


7 


_ 
jo) 


Time Between Refresh 


Time Between Refresh (RAS-Only) 


Transition Time (Rise and Fall) 


NOTES: x This parameter not applicable if operated with CAS grounded. 

1. All voltages referenced to Vss. 

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight 
initialization cycles (any combination of cycles containing a RAS clock such as RAS-Only refresh). Eight 
initialization cycles are required after extended periods of bias without clocks (greater than 32 ms). 

3. A.C. Characteristics assume tt=5 ns. All A.C. parameters are measured with VoL=0.8V at lo_-2.2 mA, 

VOH=2.4V at lon= — 2.0 mA with a 50 pF load, Vi_(min) = Vss and Vin(max) S Vpp. 

Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent). 

At any given temperature and voltage combination, tHz(max) < tLz(min) from device to device. 
The 51C259L extends the refresh period to 32 ms during RAS-Only refresh periods. 

tt is measured between ViH(min and Vi_(max). 


| 20 
| 0 
ea 
U2] 
es 
- 


+ 


ee OS 
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A.C. CHARACTERISTICS (continued) 


Read Cycle 


JEDEC 
Symbol 


Access Time From RAS 
: 
aici | monte] RAS HOG Tine Read Gyo 


51C259L-15} 51C259L-20 


=) 
i>) 


Parameter 


—_ 


wh 

ba | 
—_ 
oO 


—_ 
© 


19 Column Address Hold Time From RAS (Read) 140 
20 Read Command Hold Time Referenced to CAS 


fe] | 


: 
a[iaax [tan | Column adress old TimetoRAS 
sftnciw [inno [RABto Column adress Delay Tine 
2 


25 Output Hold Time From OE or CAS 


Write Cycle 


tCL1RH1 RAS Hold Time (Write Cycle) 
27 RAS to Write Command Lead Time 
28 tworeHt | tawe | Write Command to RAS Lead Time 


t 
z 
: 
: 


34 Write Command Hold Time From RAS 100 
35 Column Address to Write Command Set-up Time 


36 Column Address to Write Command Hold Time 


NOTES: * This parameter not applicable if operated with CAS grounded. 
8. Assumes that trap S trap(max) if tRaD > tRap(max), then trac will increase by the amount that tRab 
exceeds tRaAp(max). | 
9. tRAD is specified for reference only. 

10. twos, tRwD, tcwb, tawD and towp are specified as reference points only. If twcs = twcs(min), the cycle 
is a CAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE 
low. If tcwp = tcwp(min) and tawp = trwo(min) and towp = towp(min) and tawp = tawp(min), then the 
cycle is a read-modify-write cycle and the data out will contain the data read from the selected address. If 
any of the above conditions are not satisfied, the condition of data out is indeterminate. 
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30 


NO 


—_ Nh 
_ io) 1é) Oo 
(@) Oo ol ie) 
a 
i?) 


a][wololfa 
ft lel LEE TL | felelelalk 
—_ —_ © —_ 
=) olalo ° 


= |p — 
oO} o;n 


26 


3 
n” 


ae] 
” 


=] 
” 


ie) == WO Two yo 
oO oO |O oO;TOot]o 


— 
—_ 
Nn 
—s 
oO 


2 


Ba 
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A.C. CHARACTERISTICS (continued) 


Write Cycle (Continued) 


tARW Column Address Hold Time From RAS (Write) 


[se]tovme [tos [Date-inSetupTime 
| 39) Data-In Hold Time 


OE Set-up Time From End of Write 


OE Wold Time From CAS 


Read-Modify-Write Cycle "' 


RAS Pulse Width (RMW) ? 


| 44]tcLicH1 |tcrw | CAS Pulse Width (RMW) 


45 |taciax | tar 


tRL1WL2 | tRwD 


NOTES: « This parameter not applicable if operated with CAS grounded. | . 

11. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are 
previously specified. . : | 

12. twcs, trwp, tcwo, tawD and town are specified as reference points only. If twcs = twcs(min), the cycle 
is a CAS controlled write cycle and the data out pin wiil remain in high impedance for the duration of WE 
low. If tcwp = tcwo(min) and trwp = trwo(min) and towp = towp(min) and tawp = tawp(min), then the 
cycle is a read-modify-write cycle and the data out will contain the data read from the selected address. If 
any of the above conditions are not satisfied, the condition is of data out indeterminate. 
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Gol-e 


RAS 


CAS 


Ao-Az 


1/O 


WAVEFORMS 
READ CYCLE 


tre (2) 
tras (1) trp (3) 


b 
Vin trsHiR) (16)— 
tes (4) 
tcas (5) 
Vin* 
NAAN 


\AWN ALALLLL LA 


Vin : | | : i 
| trrH (21) 
twrp (6) t ho i 
Vix - ne RCH (20) es 
ee ~ 
ee Sant 


tocar (18) 
b 
Vin tarr (19) 
trap (23) tarH (22). 
tasr (8)— tran A twrp (6) 
Vin? Eg = 3 ' 
‘we > CROWwKS COLUMN x 
Vin 
-tcAAa (15) 
. trac (12) tona (24) 
Von | 
1 DATA OUT 
Vor® ee 
f 
ton (25) 
tiz(11) 9 on tg 
Vin® . toac (14) 
J“ CNSSSSSN ATZZ LLL LLL 
IL 


b. Vipy(min) and Vy (max) are reference levels for measuring timing of input signals. 
d. VoH (min) and Voc, (max) are reference levels for measuring timing of Dour. 

e. t, zis referenced to the later of RAS, CAS, and OE low transition. 
f 
g 
h 
i 


. tyz and toy are referenced to the earlier of CAS or OE high transition. 
. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 


. Either tracy or tay must be satisfied. aan 
i. IftanH = taRH (min), then data from the last address will be latched on Doyt by a RAS high transition, until either a CAS or OE high transition releases the data. 
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« 


9ek-e 


Pp: ] 
7] 


Ao-Az 


1/0 


WAVEFORMS (Cont’d.) 
WRITE CYCLE (CAS Controlled) © 


tre (2) 
| Vin’ thas (1) trp (3) 
Vie | 
ie! | ITIL ZILLI ZIZZO 
. twrp (6) 
SEE 
eee MMA 


JLLL LLL LL LL LL) 


Vi 
tasr (8) <F 
Vin’ 


Vi? 
_ -taws (35) 
tos (38) 
Vin? 
ne —SOCOCEOCOEOEEEEOCOO: O: CEOS CEOS RAAAKK OOO OOO: 
IL : 
tows (a0) tcou (a1)° 
Vin? , : | 
 XXXxXXKX XXXXXKXKXKKKA KARKAKKKKAKKKKKN 
IL 


NOTE: a.,b. Vi4(min) and Vi, (max) are reference levels for measuring timing of input signals. 


c. twpr is reference to the later of the CAS or WE low transition. 
d. If the low transition of WE occurs before or simultaneously with the low transition of CAS and the high transition of CAS or RAS occurs before the high transition of WE, 
then the outputs remain in a high impedence state (i.e., OE is a don’t care). 
e. WE is low prior to or simultaneously with CAS low transition. CAS is high prior to RAS low transition. C1609 


T6ESZOLS 


AMWNINITES © 


Lél-e 


RAS 


CAS 


Ay-A; 


1/0 


NOTE: a. 


WAVEFORMS (Cont’d.) 
WRITE CYCLE (WE Controlled) ‘ 


tre (2) 
Vin® tras (1) | trp (3) 
Vi? 
Vin \AANAAAANAANSAS. K/L LLLLLLLLLLMLL LAL 
town (29) 
twor (27) trwe (28) 
twe (30) 


twap (6) 


twrp (6) 
Vin? is 


; eames 


Vi? 

; tasr (8)- j 

Vin : a 
ROW Korn TD 
iL 

taws (35) tawn (36) 
tos (38) as ton (39) 

Vin’ Yy, 4 4 4 v, 4 a4 wv, 4 4 4 4 4 4 4 
: KKKAKAKK MANS { DATAIN KRRXKKXKKKKMKMKMKAKAKAKKAKAKAKBAABM 
IL 

tyz (10) = 

Vie? 

_ 2LLLLLL 

IL 


b. Vyy(min) and Vy (max) are reference levels for measuring timing of input signals. 

Cc. twor is reference to the later of the CAS or WE low transition. 

d. ty7 is referenced to the earlier of the CAS or OE high transition or WE low transition. 
e 

f 


. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
. CAS is low prior to the WE low transition. 
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RAS 


CAS 


Ao-Az 


1/0 


WAVEFORMS (Cont’d.) 
READ/MODIFY/WRITE CYCLE 


trwc (42) 
trrw (43) : tre (3) 


_ laze 


— 


twarp (6) a trwo (46) t ; tow: (29) 
WP (30) 
Vin ° re 


Za, twre (6) 
Vi 
trap (23) ime 
tasr (8) tawn (36) 
Vin — 
b 
iL 
tcaa (15) 
Vin a Von Cc trac (4 2) ton (39) 
es {9 Dor EOE Pa -KRXXXXXXXXKKKKKKKKKAK 
Viv Vou = Be t-towp (49) 
tiz4) 9 {| : | 
thz (10) a 
toac (14) ae tenn” 
Vin" : ;— 
Vi 


Vy (min) and Vy (max) are reference levels for measuring timing of input signals. 
Vou (min) and Vc (max) are reference levels for measuring timing of Doyr-. 


. tyzand 'OH are referenced to the earlier of the CAS or OE high transition. 
_ Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 


.b. 
ad 
e. tr7 is referenced to the later of RAS, CAS, and OE lowtransition. 
f 
9 
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6cl-¢ 


WAVEFORMS (Cont’d.) 
RAS-ONLY REFRESH CYCLE 


tre (2) 
tras (1) trp (3) 
RAS | 


Vin’ 
vie | 
Vw? ecceclel: 
CAS 
Vi? 
twrp (6) as in trwH (7) | 
WE , Dy, VOCE EEE ESE CEES EC EEE SESE EEE ECE EEE OE|[, 
Vi 
tasr (8) tran (9) 
Yu" Row 


Ay-Az b 
IL 


Vin“ ; ; ' VaCa, Sav, \7 ‘Y, CeVad, . Y, 

YO. 5 LECCE EEE EEE EEE EEE EEE EEE EEE EEE EEE ERE EMAL: 

OE o KKK KKK RRO KKK KKK KKK KER KKK 
IL . 


NOTE: a..b. Vuy(min) and Vy (max) are reference levels for measuring timing of input signals. 
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_ FUNCTIONAL DESCRIPTION | 


The 51C259L is a CHMOS dynamic RAM opti- 
mized for low power applications. The function- 
ality is similar to a traditional dynamic RAM. The 
~51C259L reads and writes 4 bits of data at a 
~ time by multiplexing a 16 bit address into an 8 bit 
row and an 8 bit column address. The row ad- 
dress is latched in by the Row Address Strobe 
(RAS). The column address, however, is only 
latched during a write cycle by the later of either 
Column Address Strobe (CAS) or Write Enable 
(WE). During the read cycle, the column address 
is not latched and continuously flows through 
the internal input latches. Access time is primari- 
ly dependent upon a valid column address. CAS 
acts as chip select signal and can remain low 
during the entire memory operation. 


Memory Cycle 


The memory cycle is initiated by bringing RAS 


low. Any memory cycle once initiated must not 
be ended or aborted prior to fulfilling the 
minimum tras timing specification. This ensures 
proper device operation and data integrity. 
Additionally, a new cycle cannot be initiated 
until the minimum precharge time, tap, has 
elapsed. | 


Read Cycle 


A read cycle is performed by maintaining the 


Write Enable (WE) signal high during the RAS 


operation. The column address must be held for 
a minimum time specified by tag”. CAS may. 
either be held low or be pulsed similar to the 
traditional CAS operation. Data out is controlled 
by the Out Enable (OE) and CAS which is 
discussed in the Data Out Operation. 


For applications where CAS is held low, the data 
out becomes valid when trac, tcaa and toac are 
all satisfied. 


For applications where CAS is pulsed similar to 
the traditional CAS operation, the additional 
timing specifications noted by the asterisks in 
the A.C. Characteristics are applicable. Data out 
becomes valid only when trac, tcaa toac: and 
tcac are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among trac, tcaa toac, and tcac. For example, 
the access time is limited by toa, when trac, 
toac, and tcac are all satisfied. 


Write Cycle 


A write cycle is performed by taking WE low 
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during a RAS operation. To simplify the system 
design, the column address is latched in by the 
later of WE or CAS. As in the read cycle, CAS 
may either be held low or be pulsed similar to the 
traditional CAS operation. For applications 
where CAS is held low, the input data must be 
valid at or before the falling edge of WE. For 
applications where CAS is pulsed similar to the 
traditional CAS operation, the additional timing 
specifications noted by the asterisks in the A.C. 
Characteristics are applicable. The input data 
must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. Consequently, 
the write cycle can be WE controlled or CAS 
controlled depending upon the later of WE or 
CAS low transition. In a CAS controlled write 
cycle (the leading edge of WE occurs prior to or 
coincident with the CAS low transition) the 
input/output (I/O) pin will be in the high 
impedance state at the beginning of the write 
function. Terminating the write action with CAS 
will maintain the I/O in the high impedance 
state; terminating with WE allows the output to 
go active, and the OE must be brought high to 
allow for inputs on the I/O. 


The 51C259L incorporates a self-timed write 
feature which simplifies the system interface 
and optimizes data bandwidth. After the write 
function has been initiated, the 51C259L inter- 
nally completes the write action and unlatches 
the address and data latches. Thus, the latches 
are ready for the next input/output cycle. This 
eliminates the need for long address and data 
hold times during the write operation and allows 
a subsequent column address to be applied 
earlier. This minimizes a write pulse width, write 
precharge time, and hold time which provides 
maximum flexibility in system design. 


Refresh Cycle 


To retain data, a refresh operation is performed 
by clocking each of the 256 row addresses (Ao 
through A7;) with RAS at least every 4 milli- 
seconds. Any Read, Write, Read-ModifyWrite, or 
RAS-Only cycle will perform refresh. 


Extended Refresh Cycle 


The 51C259L extends the refresh cycle period 
to 32 milliseconds for RAS-Only refresh cycles. 
This feature reduces the total current 
consumption to a maximum of 230 micro 
Amperes, and typically 90 micro Amperes, for 
data retention. The low standby current can 
significantly extend battery life in battery 
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back-up applications. Current consumption is 
calculated from the following equation: 


-_ ((tac) (active) + (tri- tro) (stanaby)) 
tri 
where tac = refresh cycle time, 
and ta, = refresh interval time or tagr/256 


Data Out Operation 


The 51C259L Input/Output (I/O) is controlled by 
OE, CAS, WE and RAS. A RAS low transition en- 
ables data to transfer into and from a selected 
row address. A RAS high transition disables 
data transfer and will latch the output data if the 
output is enabled. After a memory cycle is initiat- 
ed by a RAS low transition, a CAS low transition 
or a CAS low level enables the internal I/O data 
path. A CAS high transition or a CAS high level 
disables the !/O data path and disables the 
output driver if the driver was enabled. A CAS 
low transition while RAS is high has no effect on 
the !/O data path, nor on the output driver. An 
OE low transition or an OE Iow level enables the 
output driver when the I/O data path is enabled. 
An OE high transition or an OE high level dis- 
ables the output driver, but does not disable the 
data latch when it has been enabled. A WE low 
level disables the output driver when a CAS low 
level occurs. If the WE low transition occurs 
after the CAS low transition such that the output 
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driver is enabled prior to the WE low transition, it 
is necessary to use OE to disable the output 
driver prior to the WE low transition to allow data 
in set-up time (tps). A WE high transition passes 
control of the output drive to OE. 


Power On 


An initial pause of 100 uS is required after the 
application of the Vpp supply, followed by a 
minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock 
such as RAS-Only refresh). Eight initialization 
cycles are required after extended periods of 
bias without clocks (greater than 32 ms). 


The Vpp current (Ipp) requirement of the 
51C259L during power on is dependent upon the 
input levels of RAS and CAS. If RAS = Vsgs 
during power on, the device would go into an 
active cycle and !pp would exhibit large current 
transients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid V), during 
power on. 


References 


For further details see Application Note (A.P.) 
#171, Low Power with CHMOS DRAMS. 
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51C259HL 
HIGH PERFORMANCE LOW POWER 
STATIC COLUMN 64K x 4 
CHMOS DYNAMIC RAM 


Maximum Access Time (ns) | | 150 | 200 
| _Maximum Column Address Access Time (ns) | 70 f 90 


Maximum CHMOS Standby Current (mA) 


51C259HL-15|51C259HL-20 | 


=» Static Column Mode Operation | = Low Power Data Retention 
- Continuous data rate over 12 MHz ~ Standby current, CHMOS - 100 ,,A (max.) 
- Random access from address - Refresh period, RAS-Only - 32 ms (max.) 
within row | - Data Retention Current - 230 wA (max.) 
-t = 30,35r — : 
iG 255 One a TTL And HCT Compatible 


2 Low Input/Output Capacitance «» High Reliability Plastic - 18 Pin DIP 


The Intel® 51C259HL is a high speed 65,536 x 4 dynamic Random Access Memory. Fabricated on 
Intel’s CHMOS III-D technology, the 51C259HL offers features not provided by an NMOS dynamic 
RAM: Static Column Mode for high data bandwidth, fast usable speed, and CHMOS Standby current 
and extended RAS-Only refresh for low standby power. All inputs and outputs are compatible to both 
TTL and HCT logic families while the input and output capacitances are significantly lowered to allow 
increased system performance. | | : 


Static Column Mode operation allows random or sequential access of all 256 bits within a row simply 
by changing the column address. Because column address access time is as fast as 70 ns, a continu- 
ous data rate of over 12 million 4 bit nibbles per second can be achieved. The 51C259HL offers high 
performance while relaxing many critical system timing requirements for fast usable speed. These fea- 
tures make the 51C259HL ideally suited for graphics, digital signal processing. and high performance 
systems. 


The 51C259HL offers a maximum standby current of 100 nA when RAS = Vpp - 0.5V. During standby 
(i.e. refresh only cycles), the refresh period can be extended to 32 ms to reduce the total current re- 
quired to retain data to less than 230 uA (max.). The 51C259HL combines this low power with high 
density for portable and battery backup applications. 


LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 


WE 
OE 


WRITE ENABLE 
OUTPUT ENABLE 


Ao-Az ADDRESS INPUTS 
1/0,-1/0, DATAIN/DATA OUT 


Vop POWER (+5V) 
Vss GROUND | 


1 
2 
3° 
4 
5 
6 
7 
8 
9 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Inte! product. No other circuit 
patent licenses are implied. 


| | AUGUST, 1984 
Copyright, Intel Corporation, 1984 Order Number:280035-001 
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ABSOLUTE MAXIMUM RATINGSt Data Out Current ..................... 50 ma 
Power Dissipation ..................... 1.0W 


Ambient Temperature 


Under Bias ............. — 10°C to + 80°C 
Storage 

Temperature Plastic — 55°C to + 125°C 
Voltage on Any Pin except Vpp and Doyrt 

Relative toVsg ............05 — 2.0V to 7.5V 
Voltage On Vpop 

Relative toVsg .............. —1.0V to 7.5V 


Voltage on Doyt 
Relative to Vss gee bate he he —2.0V to Vop +1V 


D.C. CHARACTERISTICS! 


T,=0°C to 70°C, Vop = SV + 10%, Vsg = OV, unless otherwise noted. 


. 51C259HL 
Parameter 


Vpop Supply Current, 


| 
ee Operating 


Vpop Supply Current, 
TTL Standby 


Vpp Supply Current, 


pee 
DDS | RAS-Only Refresh 


Vpop Supply Current, 


| 
eee Static Column Mode 


oO 
S) 
NO 


Vpp Supply Current, 
Standby, Output Enabled 


Vpp Supply Current, 


| CHMOS Standby wee 


Input Load Current 
(any pin) 


Output Leakage Current, 
High Impedance State 


Input Low Voltage 
(all inputs) 


Input High Voltage 


4 
| (all inputs) 


H 


oF 
i | . oO f 
O| | | 


Output Low Voltage 


(all outputs) 


Output High Voltage 
(all outputs) 


@ 
== : 
2) 
1) 
+ 


=z 


< < < < ~ = s) 
Ss = ‘on 
2 | BE < : 


NOTES: 1. Ali voltages referenced to Vss. 
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S 

aw) 
B 
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tCOMMENT 
Stresses above those listed under “Absolute Maximum 
Rating” may cause damage to the device. This is a 


-stress rating only and functional operation of the device 


at these or at any other conditions above those indicated 
in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


unit Test Conditions 


tRC=tRC(min), for-15 specification 


tRC=tRC(min), for -20 specification 
RAS and CAS at Vj, all other inputs 
and outputs = Vss 


A 

= tRC(min), for -15 specification 
A 
A 


m 
m re — 4 : fe ift i 4 
C = tRC(min), for -20 specification 
= - emer 3, 4 


tR 
Minimum cycle for -15 specification pa 


= RAS at Vip, CAS and OE at Vic. all 
other inputs and outputs = Vss 

RAS and CAS 2 Vpp - 0.5V, 

all other inputs and output = Vss 


mA 


VIN = Vss to Vpp 


RAS and CAS at VIHb 
Dout = VsstoVpp 


Minimum cycle for -20 specification 


lol = 4.2mA 
lol = 100 nA 
loH = -SMA 
Ion = -100 nA 


uA 
V 
V 
V 


V 
V 
V 


> 


2. Typical values are at Ta = 25°C and Vpp = +5V. 
3. Ipp is dependent upon output loading when the device is selected. Specified IDD(max) 'S measured with 


the output open. 


’ 


4. Ipp is dependent upon the number of address transitions. Specified !pp (max) is measured with a maxi- 
mum of two transitions per address input per random cycle, one transition per access cycle in Static 


Column Mode. 


5. Specified ViL (min) is steady state operation. During transitions, Vj, may undershoot to -1.0 V for periods 
not to exceed 20 ns. All A.C. parameters are measured with Vi, (min) = Vss and Vitq(max) = Vop- 


6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured as noted in the 


A.C. Characteristics section. 


2-133 


intel’ / S1C259HL sé PRELIMINARY 


CAPACITANCEt | +NOTE: | 


| Capacitance is measured at worst 
Ta= 25°C, Vop=5V + 10%, Vss=OV, unless case voltage levels’ with. a 


otherwise noted. programmable Hewlett Packard 


Capacitance meter. 

7 | Parameter__|Typ. | Max. | Unit | 
| Cinr__| Address,Dw_ | 3 | 5 | pF_ 
| Cwo | RAS,CAS,WE| 4 | 5 | pF_ 
Data In/Out | 6 | pF | 


A.C. CHARACTERISTICS"”° 
Ta=0°C to 70°C, Vop=5V + 10%, Vss= OV, unless otherwise noted. 


51C259HL-15)51C259HL-20 


0 


Read, Write and Refresh Cycles 


Parameter 


150 | 75000 
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NOTES: « This parameter not applicable if operated with CAS grounded. 
1. All voltages referenced to Vss. | 
2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight 
initialization cycles (any combination of cycles containing a RAS clock such as RAS-Only refresh). Eight 
initialization cycles are required after extended periods of bias without clocks (greater than 32 ms). 
A.C. Characteristics assume tt=5 ns. All A.C. parameters are measured with VoL=0.8V at lo_-2.2 mA, 
- VOH= 2.4V at lon= — 2.0 mA with a 50 pF load, Vit(min) = Vss and Vin(max) S Vpp. 
Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent). 
At any. given temperature and voltage combination, tyz(max) S tLz(min) from device to device. 
~The 51C259HL extends the refresh period to 32 ms during RAS-Only refresh periods. 
tt is measured between Vin(min) and Vit(max). 


NOGh @ 
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A.C. Characteristics (Continued) 


Read Cycle 
trac 
ftcac_| 


1C259HL-15]51C 


N 
on 
© 
= 
Ne 
N 
° 


Parameter 


7) 

< 

3 

o 

2 
N“N onl 


—" 
NPM FOTO 
olfaloto 


JEDEC 


tCAc Access Time From CAS | 


Access Time From OE 


tCAA Access Time From Column Address 


RAS Hold Time (Read Cycle) 
Read Command Set-up Time 
Column Address to RAS Set-up Time . 
taLiax | tara | Column Address Hold Time From RAS (Read) 14 


Read Command Hold Time Referenced to CAS 
Read Command Hold Time Referenced to RAS 
Column Address Hold Time to RAS 


RAS to Column Address Delay Time 


tOHA Output Hold Time From Address Change 


2 Output Hold Time From OE or CAS 


Access Time From RAS | 


—_ 


ee a 
& | WD FM 


_ 
nn 


_ 
oO) 


a_i § =t § anh 
Ohrowoin 
io) 


ND 


30 


io) 


= 
_ —_ oO = 
1o) O77, oO Oo 
— Q 1a 5oO 
oO O;aTo 


h JT dh FRM NO 
om a mo f—- | oO 
— | NO _— 

orn oro 


Write Cycle 


26 ftcLinHt | tasHiw)| RAS Hold Time (Write Cycle) 
| 27] taiwe2 |twor | RAS to Write Command Lead Time 
rite Command to RAS Lead Time 
rite Command to CAS Lead Time 
Write Command Pulse Width 
| 31[twHaw.2|twor | Write Command Precharge Time 
| 32}twurce2 | twoss | Write Command Set-up Time 
Write Command Hold Time 
Write Command Hold Time From RAS” 


3 
taws 4 Column Address to Write Command Set-up Time 
3 


6 twurax [tawn | Column Address to Write Command Hold Time 


: 


= 


— 
Of ® —~T +1, QO] Oi @®I® 
Oins;oTpo OTohroreorz»roo yo 


~— 
—h 
on 


ye) 


NOTES: »* This parameter not applicable if operated with CAS grounded. 

8. Assumes that tRaD S tRaD(max) if tRaD > trap(max), then trac will increase by the amount that tRaD 
exceeds trap(max). 

9. tRAD is specified for reference only. 

10.twcs, trwop, tcwop, tawp and towp are specified as reference points only. If twcs = twcs(min), the cycle 

is a CAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE 
low. If tcwp = tcwo(min) and trwp = trwo(min) and towp = towp(min) and tawp = tawp(min), then the 
cycle is a read-modify-write cycle and the data out will contain the data read from the selected address. If 
any of the above conditions are not satisfied, the condition of data out is indeterminate. 
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A.C. Characteristics (Continued) 
Write Cycle (Continued) 


1C259HL-15151C259HL-20 
| Parameter re Pee 


arfimcin [tonw [ooumn aaaress to Tneronewny [eo] [ro | 
Faaltowmee [ive [oaiwinserorme Sis | dts | 
Tsaltweiox [iow [batwinvitine Jes | fo | 

me 


BE Tian = 


Read-Modify-Write Cycle '' 


Read-Modify-Write (RMW) Cycle Time 310 | | 390 | 


40 tGH2WHt OE Set-up Time From End of Write 
ke 


; — 
Paaficcicns ftonw [oasrursewamemw | 6] [vio] ns | 
[as[inuvax [tan [column address Hold Tine Fron Raetauw | 206] | 26s | 
Faalmime fino [RASioweboey «eof dase |] 
[er|twme [wwe [cotnn aacressioWeveey + oo] | ve | 
ine 

a 


} 48] tcLwi2 tCWwD« 
[42] tcram2|towo [OEt WEDoty ee a) ee 


Static Column Mode '° 


Static Column Write Cycle Time | 50° 


1 Write Precharge Access Time 


pi20| | 136 


Ww 
53 Write to OE Hold Time ee 
tSWH RAS to Write Command Hold Time 1 = 200 — a 


Oo F® 


NOTES: * This parameter not applicable if operated with CAS grounded. 

11. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are 
previously specified. 

12. twcs, tRwD, tcwo, tawbd and towp are specified as reference points only. If twcs = twcs(min), the cycle 
is a CAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE 
low. If tcwo = tcwo(min) and tawo = trwo(min) and towp = towp(min) and tawp = tawp(min), then the 
cycle is a read-modify-write cycle and the data out will contain the data read from the selected address. If 
any of the above conditions are not satisfied, the condition is of data out indeterminate. : 

13. All previously specified A.C. characteristics are applicable. | 

14. Access time from a write command to a read command is determined by the longer of tcAa or twPa or 
tWRA. | 
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LEL-2 


RAS 


CAS 


Ao-Az 


1/0 


WAVEFORMS 
READ CYCLE 


tre (2)- 
tras 1) : trp (3) 


Vv b = ; e 
IL trsHir) (16) 
—- tesu (4) 
: tcas (5) : 
Vin® 


AASAANS. ALY LLL LA 


tcar (18) a, 


trRH (21) 
twrp (6) t H i 
Vin? | | | _ _ | | RCH (20) od 
eae , 


b 
Vin —tarr (19) 
trap (23) tarH (22). 
t | t twrp (6) 
ASR (8) RAH (9) 
Vin? 1 
CROW KS COLUMN , 
Vi rs = , 
tcaa (15) 
ye trac (12) tora (24) 
ne x, DATA OUT 
Von | 
f 
tou (25) 
tLz (11) “3 hae fg 
Vin’ - | toac (14) . , 
IL | 


b. Vipy(min) and Vy (max) are reference levels for measuring timing of input signals. 
el: Vou (min) and Vc, (max) are reference levels for measuring timing of Doyrt. 

e. t_zis referenced to the later of RAS, CAS, and OE low transition. 
f 
9 
h 


- tHz and toy are referenced to the earlier of CAS or OE high transition. 
. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
Either tacy or tary must be satisfied. 
IftapH = taRnH(min), then data from the last address will be latched on Doyt by a RAS high transition, until either a CAS or OE high transition releases the data. 


C1608 


THESCOLS 


BEl-c 


WAVEFORMS (Cont’d.) 
WRITE CYCLE (CAS Controlled) © 


tre SS SSS 
tras VA a tre (3) 


Vn? | 
RAS ) Soe | te 
CAS | 
WE 
Vin 
Vin 
Ao-A7z fi 
- ie (35) 
tos (38) 
Vin? as 
1/0 3 —LCECECEEEEE EC EEL, KKK XXXXKKEKEKKKKKXEE 
IL 
| | tows or toon (41) 
Vine xx x xxx | Vay, Va, 
IL 


NOTE: a.,b. Vip (min) and V4 (max) are reference levels for measuring timing of input signals. 
c. twpr is reference to the later of the CAS or WE low transition. 
d. If the low transition of WE occurs before or simultaneously with the low transition of CAS and the high transition of CAS or RAS occurs before the high transition of WE, 
then the outputs remain in a high impedence state (i.e., OE is a don’t care). 
e. WE is low prior to or simultaneously with CAS tow transition. CAS is high prior to RAS low transition. 
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sila! 
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S/N 


Lt 
Ay 


6ElL-¢ 


RAS 


Ao-A7z 


1/0 


NOTE: a.. 


WAVEFORMS (Cont’d.) 
WRITE CYCLE (WE Controlled) ‘ 


tre (2) 
tras (1) : tre (3) 

Vin- —— 

Vir 

Vin \MANAAANANANAASS | K/L / LLL L404 AL ALLL LA L 

: tewL (29) 
twor (27). trwe (28) 
twe (30) 


twrp (6) 


twap (6) 
we? ee __ 
. VIZZZZ ZZ LZ ZZ ZZ ZZ ZL 


Vi 


tasr (8) 


Vin’ 
: CROW KX COLUMN. || 
IL 
taws (35) : tawu (36) 
tos (38) ton (39) 

Vin’ ~ % 7, VAYV, VAVAVAVAVAVTAVAVATVAVAYT AY AV AY AY av 
: KKKKKKKAKKMGI tr DATAIN, KXXXKMAKKRAKAKKAKAKAKAKAKKKKBAK 
IL 

tHz (10) i 

Vin? 

W", LLLLLZZZZ 
IL 


. Vip(min) and Vy (max) are reference levels for measuring timing of input signals. 
. twor is reference to the later of the CAS or WE low transition. 


. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
. CAS is tow prior to the WE low transition. 


b 

Cc =, re 

d. tyz is referenced to the earlier of the CAS or OE high transition or WE low transition. 
e 

f 
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ele] 


| 
| 


. 
i 
Teaed 


RENT INIICE | 


OVl-2 


CAS 


Ao-A;7 


1/0 


WAVEFORMS (Cont’d.) 
READ/MODIFY/WRITE CYCLE 


trwc (42) 


trrw (43) , tap (3) 


| ss 


t 
CWD (48) trwt (28) 7 
fanaa <~ trwo (46, teow (29) 
Vin : , ew ceeietd 


trap (23) im 
tasr (8) ial tawu (36) 
Vin 
b 
iL 
tcaa (15) 
Vin? Von © trac (12) | a OH (39) 
Png oe Eo: arn 0 0: SLI 0.0.0.0-0°.0°0 LXXXKXKKKKKKKKE 
IL OL town (49) 
tiz(a1) 9 FE tise fg : 
toac (14) i tones 
Vin’ | i R _ 
Vi’ 


b. Vyy(min) and Vy (max) are reference levels for measuring timing of input signals. | 
d. Von (min) and Voz (max). are reference levels for measuring timing of Doyr. 

e. t, zis referenced to the later of RAS, CAS, and OE low transition. 
f 
g 


. tyzand tOH are referenced to the earlier of the CAS or OE high transition. 
_ Transition is measured +500 mV from steady state voitage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
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RAS 


CAS 


Ao-A7z 


1/O 


WAVEFORMS (Cont’d.) | 
RAS-ONLY REFRESH CYCLE 


tre (2) 
tras (1) trp (3) 


, twrp (6) IL trwu (7) 


Vin> 
Va? 
Vin’ 
Vi? 


V | 
ae —LCEECECEECEECECEEEEECEEEEEEECEEEEECEEC CEES, 
iL 
taser (8) tran (9) 
iL 
Vv a 
vy XX KKKXXKXKKKXKKKK KK KKK KKK KK KK KK KK KKK KK KK 
IL 
Vin? | 
ye KKK KKKKKK KKK KKK KKK KKK KKK KK KKK KKKKK KKK 
IL 


NOTE: a.,b. Viyy(min) and Vy (max) are reference levels for measuring timing of input signals. 
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NG WINIIMT Velele} 


ovl-c 
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CAS 


Ao-Az 


1/O 


WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE READ CYCLE 


tras eS tre (3) 


Ys SSWANNNSN _ AZZZA2 


Vit : 
trrH any" 
: twrp (6) , Tt tren (20) 
Vin ; 


t—— Gas | WY 
twrp (6) 


Vi” 
{oan (5) tcar (18) 

. tasr (8) tran (9) tarn (22) 

1H : 
at CROW KM COLUMNO € COLUMN1 (.€ COLUMN2 _X — COLUMNN 
7 , a . 7 

IL toac (13) teoaa (15) 

tcaa (15) : | 

Vaue | RAC (12) tona (24) | tona (24) 

OH 3 

; : OED our Dour TK Dou 2K Dour Ny 
Vor 
tiz(1) 9 — ton (25). 
- toac (14) tuz (10) 9 : 

Vin we: i : 

i 


b. Vyy(min) and Vy (max) are reference levels for measuring timing of input signals. 
d. VoH (min) and Voc, (max) are reference levels for measuring timing of Doyr. 

e. t_z is referenced to the later of RAS. CAS. and OE low transition. 
f 
9g 
h 


. tyz and toy are referenced to the earlier of the CAS or OE high transition. 
_ Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
. Either 'RCH or tpRH must be satisfied. 
IftaRH = taRH (min): then data from the last address will be latched on Doyjt bya RAS high transition, until either a CAS or OE high transition releases the data. 
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NOTE: a. 


WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE WRITE CYCLE (CAS Controlled) 2 


: tras (1) 3 tre (3) 
Vin 
Vi> 
Cc 2 
twor (27) <«——tswe (50) | trsu (w) (26) 
f 
as twep (31), ipa: 
H (4 | 
. 97 (5) tcas (5) tcas (5) 
Vin 


at tawH (36) 


YT COLN J N 
ton (39) ton (39) 
tos (38) tos (38) 
y, vy, \A vv, ‘Y, Y, Va, wy, 
| KKK KKK Ee in 0 OCOD Din 1 KOK ROOD Din N IKK OOOKOOOOOK 
Vin gh 
tyz (10) 
a 
- MMM, 
b 
iL 
b. Viy(min) and Vy (max) are reference levels for measuring timing of input signals. 
C. twpr is reference to the later of the CAS or WE low transition. 
d. tyy7 is referenced to the earlier of the CAS or OE high transition or WE low transition. 
e. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
f. twop 'S measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition. 
g 


. WE is low prior to or simultaneously with a CAS low transition. CAS is high prior to a RAS low transition. C1614 


THESZOLG 


vVL-o 


RAS 


CAS 


Av-Az 


1/O 


NOTE: a., 


WAVEFORMS (Cont’d.) 


STATIC COLUMN MODE WRITE CYCLE (WE Controlled) 9 


tras (14) 3 trp (3) 


tswu (54) 


LL LLL 


f 
twep (31) trwe (28) 
f 
twep (31) <—§$—— teow (29) 


twp (30) —twe (30) | 
LZ NN vn 


tpn (39) tox (39) 
tos (38) 


tps (38) 


Vin? | Seen oneneee —_ 
_ XXXXKKKXS KX Ont KK LK KX KX 
ic tyz (10) ie 
Vin’ age , 
W777 


b. Vi (min) and Vy (max) are reference levels for measuring timing of input signals. 
cC. twpr is reference to the later of the CAS or WE low transition. 

d. tyyz is referenced to the earlier of the RAS or CAS or OE high transition. 
e 

f 

g 


. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
: twop is measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition. 
_ CAS is low prior to a WE low transition. 
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AGNI Vell) 


SVi-o 
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Ao-A7z 


1/0 


Vin : cs ; 
| ee 


Vie 


a trac (12 
Vin” Vou ° vcs 


WAVEFORMS (Cont’d.) 
STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (CAS Controlled) 2° 


tras (1) 


i VW ae 


§ i 
(ROW Kf = =COLUMNO = > COLUMN1 }€ COLUMN2 kK) . 


tasr (8) 
a 


§ i 
a 


tcac (13) 
le toas (13) 


§ i 


we wv é = 

ak Dour OS | : 
eg 

As ton aie tiz (11) ae 


fg 
toac (14) tyz (10) tcac (13) 


e 
tiza1) °° 


fg 
tyz (10) 


Vin (min) and Vy (max) are reference levels for measuring timing of input signals. 

Von (min) and Vo, (max) are reference levels for measuring timing of Dgyt. 

tz is referenced to the later of RAS, CAS, and OE low transition. 

tyyz and toy are referenced to the earlier of CAS or OE high transition. 

Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
WE is low prior to or simultaneously with a CAS low transition. | 

The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11 or 12 for timings. 


tre (3) 
| tcas (5) reasic tcas (5) 
| Vin? 5 twep (31)— Z at twep (31) | | 4 | 
CAS : \MANAAANS ( f/ 
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THESCOLS 


9VL-¢ 


CAS 


Ao-Az 
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WAVEFORMS (Cont’d.) __ 
STATIC COLUMN MODE READ/WRITE/READ... CYCLE (WE Controlled) " 


tras SSS tre (3) 


SSYASSITY 7 


b : ; 
Vin 

: a el = 
Vin 55 i 


Vi’? 
trap (23) 
tasr (8) tawn (36) | tona (24) 
Vi* 
. CROW KX _COLUMNO oh 1S COLUMN2 |. 
Vi? t 7 
i (13) 
bet, (15) 
trac (12) 
Vin*° Von 
vo oral -¢ 
Vir Vor . , 
tiza1) ; ton (25) 
g % 
toac (14) >t tuz (10) " 
Vin {| $i 
¥ A\AAANAAANS 


,b. Viy(min) and Vy (max) are reference levels for measuring timing of input signals. 


b 
d. Von (min) and Vc, (max) are reference levels for measuring timingofDoyT. 

e. tz is referenced to the later of RAS, CAS. and OE low transition if RAS and CAS and OE are low. 
f 

g 

h 


- tHz and tox are referenced to the earlier of CAS or OE high transition. 

. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
_ CASis low prior to a WE low transition. 

i. The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11 or 13 for timings. 
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PIRES LUMINARY 


FUNCTIONAL DESCRIPTION 


The 51C259HL is a CHMOS dynamic RAM opti- 
mized for the high data bandwidth and low power 
applications. The functionality is similar to a 
traditional dynamic RAM. The 51C259HL reads 
and writes 4 bits of data at a time by multiplexing 
a 16 bit address into an 8 bit row and an 8 bit 
column address. The row address is latched in 
by the Row Address Strobe (RAS). The column 
address, however, is only latched during a write 
cycle by the later of either Column Address 
Strobe (CAS) or Write Enable (WE). During the 
read cycle, the column address is not latched 
and continuously flows through the internal 
input latches. Access time is primarily depen- 
dent upon a valid column address. CAS acts as 
chip select signal and can remain low during the 
entire memory operation. 


Memory Cycle 


The memory cycle is initiated by bringing RAS 
low. Any memory cycle once initiated must not 
be ended or aborted prior to fulfilling the 
minimum tras timing specification. This ensures 
proper device operation and data integrity. 
Additionally, a new cycle cannot be initiated 
until the minimum precharge time, trap, has 
elapsed. 


Read Cycle 


A read cycle is performed by maintaining the 
Write Enable (WE) signal high during the RAS 
operation. The column address must be held for 
a minimum time specified by tage. CAS may 
either be held low or be pulsed similar to the 
traditional CAS operation. Data out is controlled 
by the Out Enable (OE) and CAS which is 
discussed in the Data Out Operation. 


For applications where CAS is held low, the data 
out becomes valid when trac, tcaa and toac are 
all satisfied. 


For applications where CAS is pulsed similar to 
the traditional CAS operation, the additional 
timing specifications noted by the asterisks in 
the A.C. Characteristics are applicable. Data out 
becomes valid only when trac, tcaa, toac, and 
tcac are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among trac, tcaa, toac, and tcac. For example, 
the access time is limited by toca, when trac, 
toac, and tcac are all satisfied. 


Write Cycle 


A write cycle is performed by taking WE low 
during a RAS operation. To simplify the system 
design, the column address is latched in by the 
later of WE or CAS. As in the read cycle, CAS 
may either be held low or be pulsed similar to the 
traditional CAS operation. For applications 
where CAS is held low, the input data must be 
valid at or before the falling edge of WE. For ap- 
plications where CAS is pulsed similar to the 
traditional CAS operation, the additional timing 
specifications noted by the asterisks in the A.C. 
Characteristics are applicable. The input data 
must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. Consequently, 
the write cycle can be WE controlled or CAS con- 
trolled depending upon the later of WE or CAS 
low transition. In a CAS controlled write cycle 
(the leading edge of WE occurs prior to or coinci- 
dent with the CAS low transition) the 
input/output (I/O) pin will be in the high impe- 
dance state at the beginning of the write 
function. Terminating the write action with CAS 
will maintain the I/O in the high impedance 
state; terminating with WE allows the output to 
go active, and the OE must be brought high to 


allow for inputs on the I/O. 


The 51C259HL incorporates a self-timed write 
feature which simplifies the system interface 
and optimizes data bandwidth. After the write 
function has been initiated, the 51C259HL inter- 
nally completes the write action and unlatches 
the address and data latches. Thus, the latches 
are ready for the next input/output cycle. This 
eliminates the need for long address and data 
hold times during the write operation and allows 
a subsequent column address to be applied 
earlier. This minimizes a write pulse width, write 
precharge time, and hold time which provides 
maximum flexibility in system design. 


Refresh Cycle 


To retain data, a refresh operation is performed 
by clocking each of the 256 row addresses (Ay 
through A7) with RAS at least every 4 milli- 
seconds. Any Read, Write, Read-ModifyWrite, or 
RAS-Only cycle will perform refresh. | 


Extended Refresh Cycle 


The 51C259HL extends the refresh cycle period 
to 32 milliseconds for RAS-Only refresh cycles. 
This feature reduces the total current 


2-147 


ref 


consumption to a maximum of 230 micro 
Amperes, and typically 90 micro Amperes, for 
data retention. The low standby current can 
significantly extend battery life in battery 
back-up applications. Current consumption is 
calculated from the following equation: 


__ (ttre) netive) + (ter- tro) (Istandby)) 
tri 
where tre = refresh cycle time, 
and ta, = refresh interval time Or trer/256 


Static Column Mode Operation 


Static column mode operation permits all 256 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Read, 
write, and read-write-read cycles can be 
performed during static column mode operation. 
The row address is internally retained by 


maintaining RAS active. Following the entry. 


cycle into static column mode operation, the 
data is accessed simply by changing the column 
address. Because the column address buffer 
acts as a transparent or flow-through latch, 
access begins from a valid column address. 
Thus, the 51C259HL operates like a static RAM 
for multiple accesses within the same row. CAS 
acts as a chip select. Intel’s Application Note 
172, CHMOS DRAMS in Graphics Applications, 
provides more details on static column mode 
operation. 


Data Out Operation 
The 51C259HL Input/Output (I/O) is controlled 


by OE, CAS, WE and RAS. A RAS low transition 


enables data to transfer into and from a selected 
row address. A RAS high transition disables 
data transfer and wil! latch the output data if the 
output is enabled. After a memory cycle is initiat- 
ed by a RAS low transition, a CAS low transition 
or a CAS low level enables the internal I/O data 
path. A CAS high transition or a CAS high level 
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disables the !/O data path and disables the 
output driver if the driver was enabled. A CAS 
low transition while RAS is high has no effect on 
the 1/O data.path, nor on the output driver. An 
OE low transition or an OE low level enables the - 
output driver when the I/O data path is enabled. 
An. OE high transition or an OE high level dis- 
ables the output driver, but does not disable the 
data latch when it has been enabled. A WE low 
level disables the output driver when a CAS low 
level occurs. If the WE low transition occurs 
after the CAS low transition such that the output 
driver is enabled prior to the WE low transition, it 
is necessary to use OE to disable the output 
driver prior to the WE low transition to allow data 
in set-up time (tps). A WE high transition passes 
control of the output drive to OE. 


Power On 


An initial pause of 100 «S is required after the 
application of the Vpp supply, followed by a 
minimum of eight initialization cycles (any 
combination of cycles containing a RAS clock 
such as RAS-Only refresh). Eight initialization 
cycles are required after extended periods of 
bias without clocks (greater than 32 ms). 


The Vpp current (Ipp) requirement of the 


51C259HL during power on is dependent upon 
the input levels of RAS and CAS. If RAS = Vgs5 
during power on, the device would go into an 
active cycle and Ipp wouid exhibit large current 
transients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid V;,, during 
power on. 


References 


For further details see Application Note (A.P.) 
#171, Low Power with CHMOS DRAMS, and AP. 
#172, CHMOS DRAMS in Graphics Applications. 
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51C67 
HIGH SPEED CHMOS 16,384 x 1 BIT STATIC RAM 


51C67-35 


Max Access Time (ns) 
Max Active Current (mA) 


| 10 
m Double Metal CHMOS Ill Technology m High Density 20-Pin Package 
m Completely Static Memory-No Clock = Directly TTL Compatible—All Inputs and 
m Equal Access and Cycle Times Output 
m Single +5V Supply m Separate Data Input and Output 
m Automatic Power Down m@ Three-State Output 
m 0.8-2.0V Output Timing Reference m 2147H Upgrade 


The Intel 51C67 is a 16,384-bit static random access memory organized as 16,384 words by 1 bit. This 
_ memory is fabricated using Intel’s high performance double metal CHMOS III technology, with a full CHMOS 
6T cell. This state of the art technology with HMOS III scaled transistors brings high performance to CMOS 
Static RAMs. The design of the 51C67 offers a 4x density improvement over the industry standard 2147H 
with compatible performance. The 51C67 offers the automatic power-down feature pioneered by the Intel 
2147H. 


CS controls the power-down feature. In no more than a cycle time after CS goes high (deselecting the 51C67), 
the part automatically reduces its power requirements and remains in this low power standby mode as long as 
CS remains high. This device feature results in system power savings as great as 90% in larger systems where 
the majority of devices are deselected. 


The 51C67 is placed in a 20-pin 300 mil package configured with the industry standard 16K x 1 pinout. It is 
directly TTL compatible in all respects: inputs, output; and a single +5V supply. The data is read out nonde- 
structively and has the same polarity as the input data. A data input and a separate three-state output are 
used. 


Pin Configuration _ Logic Symbol 


MEMORY ARRAY 
128 ROWS 


28 
128 COLUMNS 


231094-2 231094-1 231094-3 


Figure 1.51C67 Block Diagram 
Pin Names oe Truth Table 
[AoA | Adsross inputs | fee we mes Loma | peal 
| WES Write Enable Not Selected | HighZ | Standb 
Chip Select Active 
| Dy ata Input Dour 
Data Output : 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Inte! product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from intel. September 1984 
© intel Corporation, 1984. — 9-149 Order Number: 231094-002 
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ABSOLUTE MAXIMUM RATINGS”: 


Temperature under bias ......... —10°C to + 85°C 
Storage temperature Cerdip..... —65°C to + 150°C 
Storage temperature Plastic..... — 65°C to + 125°C 
Voltage on any pin with | 
respect to ground ......... —2.0V to + 7V (Note 4) 
D. C. continuous output current............. 20 mA 
Power dissipation ........... 0... c cece es 1.0 watt 
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"NOTICE: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of the specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D. C. AND OPERATING CHARACTERISTICS (1) 


Ta = O°C to +70°C, Voc = +5V + 10% unless otherwise noted 


Output Leakage 
Current 


Output Short 


Circuit Current 
NOTES: 


CS = Vin, Voc = Max 
Vout = GND to 4.5V 


Voc = Max, CS = Vi_ Outputs 
Open; Teo cle > Min 


10 mA | Vcc = Minto Max, CS = Viy | 
: V | (Note 4) | 
= ae 


[20 


Voc = Max, Vin = GND to Voc 


1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
Typical thermal resistance values of package at maximum temperatures are: 


For CERDIP 6, (@ 400 (fpm air flow)) = 40° C/W 
Oy (still air) = 70° C/W 
Osc = 25° C/W 


2. Typical limits are at Vcc = 5V, Ta = + 25°C, with specified loading. 


3. Output shorted for no more than 1 sec. 


For Plastic @ja (@ 400 fpm air flow) = 70° C/W 
05a (still air) = 109° C/W 
9jc = 42° C/W 


4. Minimum DC input Voltage is —0.5V. During Transitions, the inputs may undershoot to —2.0V for periods less than 20 ns. 


A. C. TEST CONDITIONS 


Input Pulse Levels.................5. GND to 3.0V 
Input Rise and Fall Times ............ fit oS 
Input Timing Reference Level................ 1.5V 
Output Timing Reference Levels ......... 0.8~—2.0V 
OUIDULLOAd sews ee eet pene walyet See Figures 2, 3 


CAPACITANCE (5) T, = 25°C, f = 1.0 MHz 


Input Capacitance 


Output Capacitance 
- NOTE: 


5. This parameter is sampled and not 100% tested. 


| Max | Unit 
a ee 
fee IC te 


2-150 — 


1000 1.6V 


Dout 


| 30 pF 
231094—4 


Figure 2. Output Load 


5 pF 
231094-5 


Figure 3. Output Load for 
thz: tiz, twz; tow 
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A. C. CHARACTERISTICS 
Ta = OC to 70°C Voc = +5 + 10% Unless otherwise noted 


READ CYCLE 


Read Cycle Time 
Address Access Time 
Chip Select Access Time 


ae ae sae 
Output Hold from Address Change iO. | 


3 Soon ane 


35 


5 
Chip Selection to Output in Low Z 3 
Chip Deselection to Output in High Z 


Chip Selection to Power Up Time | ons 


Chip Deselection to Power Down Time 


READ CYCLE NO. 1 (4, 5) 


tre 


taa 


DATA VALID 


DATA OUT PREVIOUS DATA VALID 


READ CYCLE NO. 2 (4.6.7) 


tHz 


, ~ DATA VALID } 


HIGH IMPEDANCE 


<— tey >}. 


SUPPLY 
CURRENT 'sB . | 


231094-9 


DATA OUT 


NOTES ON READ OPERATION: 

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, tz max. is less than tz min. both for a given device and from device to 
device. 

3. Transition is measured at +500 mV from steady state voltage with specified loading in Figure 3. 

4. WE is high for Read Cycles. 

5. Device is continuously selected, CS = Vii. _ 

6. Addresses valid prior to or coincident with CS transition low. 

7. Chip deselected for a finite time prior to selection. If the deselect time is 0 ns, the chip is by definition selected and access 
occurs according to Read Cycle No. 1. | 
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A: C. CHARACTERISTICS 
Ta = OTC to +70°C Voc = +5 + 10% unless otherwise noted 


WRITE CYCLE | 


a 
Write Cycle Time | 35 | 
Chip Selection to End of Write f g0 
Address Valid to End of Write _ | 30 | 
po 
ace 
Pp 5 
ts 


r 
ee 
(twa) [Wit Enabled to Ouputinrighz | 0 
tow) | Output Active rom End ofwnte [0 


ATLL 

NNN 
te 
CT oman — 


— twz 


DATA IN 


—_ 
tow 


DATA OUT DATA UNDEFINED HIGH IMPEDANCE 


231094-6 
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tas 


taw 


twr 
twe 


we TU TTL 


pa tow toH> 
DATA IN 4 DATA IN VALID 


— twz 


DATA OUT DATA UNDEFINED HIGH IMPEDANCE 


231094-7 


ee et 


NOTES ON WRITE OPERATION: _— 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured = 500 mV from steady state voltage with specified loading in Figure 3. 

4. CS or WE must be high during address transitions. 
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81C28 FAMILY 
2048 x 8 Bit Ultra Low Power, High Integration Static RAM 


LOW POWER STANDARD 
81C28L-200 81C28-200 


Max Access Time 200 ns 200 ns — 
Max Active Current-CMOS Inputs 10mA 10 mA 
Max Standby Current-CMOS Inputs | 50 vA 100 vA 


m Integrated Address Latch m@ Single +5V +20% Supply 
m@ Double Metal CHMOS Ill Technology @ High Reliability Plastic or CERDIP 


m Low Active and Microwatt Standby Package 
Power Allow Battery Operation/Backup m= Common Data Input and Output with 


= Compatible with 80C51-BH, 80C31-BH, Three State Output Buffers 
80C49-BH for High Integration CMOS | 
Systems 


The Intel 81C28 is a 16,384 bit static random access memory organized as 2048 words by 8 bits using 
CHMOS Iil, an ultra low power CMOS technology. The 81C28 has been specially designed to eliminate the 
need of a latch to separate address and data in multiplexed address/data microprocessor and microcontroller 
applications. An OE pin is also provided for read cycles to eliminate the problem of Bus contention. 


The address latch function allows for high integration systems where 2k bytes of external RAM are required. 
On the falling edge of the ALE input (ALE/CS) the address information is latched in. This pin also controls the 
power down feature. In less than a cycle time after ALE/CS goes high, disabling the 81C28, the part automati- 
cally reduces its power requirements and remains in this low power standby mode as long as ALE/CS remains 
high. 


The 81C28 is assembled in a 24-pin 600 Mil dual-in-line plastic or CERDIP package, configured with the 
industry standard 2k x 8 pinout. It is directly compatible with TTL or CMOS in all respects—inputs, outputs and 
single power supply. The data is read out nondestructively and has the same polarity as the input data. 


Pin Configuration Logic Symbol ‘4 
+—Vec 


A5 
<——- GND 


A6 
A7 
A8& 
AQ 
A1® 


128 x 128 
MEMORY ARRAY 


ROW 
DECODER 


LATCHED 
ADDRESS | 
BUFFERS | 


DI/0o 


231093-2 


COLUMN DECODER 
LATCHED ADDRESS BUFFERS | 


DI/07 


== Lp 


Address inputs 

Write enable 

Address latch enabie/ 
chip select 

Output enable 


Dt/O0-DI/07 Data input/output 
Voc Power 
Ground 


Truth Table ALE/CS 


1/0 POWER 
High Z | Stand-by 


Din Active _ 
Dout Active OE 
High Z | Active 


Figure 1.81C28 Block Diagram 7°'°°9-° 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. September 1984 
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings”’ may cause permanent dam- 
Temperature Under Bias......... —10°C to + 85°C age to the device. This is a stress rating only and 
Storage Temperature CERDIP...—65°C to + 150°C functional operation of the device at these or any 
Storage Temperature Plastic ....—65°C to + 125°C other conditions above those indicated in the opera- 
Voltage on Any Pin with tional sections of this specification is not implied. Ex- 
Respect to Ground............ —2.0V to +7VU1 posure to absolute maximum rating conditions for 
D.C. Continuous Output Current ............ 10mA extended periods may affect device reliability. 
Power Dissipation..................0008- 600 mW 


D.C. AND OPERATING CHARACTERISTICSI2] 
Ta=0°C to + 70°C, Voc= +5V+20% unless otherwise noted 


Parameter Notes Rd aaa Test Conditions 
Typ [3] 


Input Load Current ; ; Voc = max, Vin=GND to Vcc 
(all input pins) 
Output Leakage Current | OE = Vin, Voc = max 
Vout = GND to Voc 

Operating Current-TTL Inputs | . : Outputs open, Tcyc= min. 
Operating Current-CMOS Inputs ; Outputs open, Toyo = min. 
Standby Current-TTL Inputs 
Standby Current-CMOS Inputs 
Data Retention Current 
Input Low Voltage (10% supply) 

(20% supply) 
Input High Voltage (10% supply) 

(20% supply) 
Output Low Voltage : loL=3.2 mA 
Output High Voltage lon= —1.6 mA 
Output Short Circuit Current Vout= GND TO Vcc 


NOTES: 
1. Minimum D.C. input voltage is —0.5 V. During transitions, the inputs may undershoot to —2.0V for periods less than 20 ns. 
2. The operating ambient temperature range is guaranteed in still air conditions. Typical thermal resistance values of the 

package at maximum temperature are: 

For plastic @y,(still air)=90°C/W | For CERDIP 6 y,(still air) = 47°C/W 

0 jc = 50°C/W 9 jc = 20°C/W 

Maximum power under specified operating conditions is only 90 milliwatts. 
3. Typical limits are at Voc =5V, Ta= + 25°C, and Figure 2. 
4. For output leakage tests, data !/O pins are treated as outputs. 
5. TTL inputs: spec Vj,, Vip levels 

CMOS inputs: GND +0.2 to Voc +0.2. 

. ALE/CS is Voc +0.2V. All other inputs can have any value within spec. 
. 2V<Voc<6V. 
. Igg CMOS and Ipr are 50 pA for L version. 
. Output shorted for no more than 1 second. No more than one output shorted at a time. los is sampled but not 100% tested. 


coaOnN od 
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A.C. Testing Conditions 


Input pulse levels .............. Deere 0. 4 to 2.4V 
Input rise and fall times ....... wets Geewaies ‘.5ns 
Input timing reference level .................. 1.5V 
Output timing reference level........... 0.8 to 2.0V 4172 
Output load ................6.. see Figures 2, 3, 4 Deut —p—MA— +1.73V 
Capacitancel1]1, = 25°C, f= 1.0 MHz 100 pF 
(CLUDING SCOPE 
Ce a a ik: 
Address/Control = | ener 
Capacitance 7 
~ Input/Output 
Capacitance 
NOTE: 


1. This parameter is sampled and not 100% tested. Figure 2. Test Load Configuration 


4170 


Dout Poe +1.73V 


231093-7 
231093-6 


Figure 3. Equivalent Load Configuration Figure 4. Test Load Configuration for 
: High Impedance Measurements only 
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A.C. CHARACTERISTICS 
Ta=0°C to + 70°C, Voc=5V + 20% unless otherwise noted. 


READ CYCLE 


Read Cycle Time 

Chip Deselect Width 

Address to CS-Latch Set Up Time 
Address Hold Time from CS-Latch 


CS-Latch Access Time 

Output Enable to Output Valid 

Chip Selection to Output in Low Z 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 
Output Disable to Output in High Z 


WAVEFORMS 


READ CYCLE 1: ALE/CS Controlled 


: Tre 
appress XXXXK MK XXX 
TLA 


TAL 


ALE/CS 


XXX 


231093-8 


READ CYCLE 2: OE Controlled 
VWAVAVAVA, WTaAVAVAVAVAVAVAV, 
aooress SIXQOK_X 


KY 
TAL TLA 


ALE/CS 


OOK 


231093-9 


NOTES: 

1. Compatible with 12 MHz 80C51-BH/80C31-BH. 

2. Cycle Time= Access time (Tac,) + chip deselect width (T,_) + 25 nS output hold. 

3. Transition is measured +500 mV from steady state voltage with load shown in Figure 4. 
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A.C. CHARACTERISTICS | 
Ta=0°C to + 70°C, Voc =5V + 20% unless otherwise noted. 


WRITE CYCLE 


Write Cycle Time 

CS-latch to End of Write 

Write Pulse Width 
Data to Write Time Overlap 

Data Hold from Write Time 

Write to Output in High Z 

Output Active from End of Write 


WRITE CYCLE 1: ALE/CS, WE Controlled 


WAVEFORMS 


Twe 
anoness XXKOOK XXX XXKKKRXXK KARIN 
TAL TLA : 


| ALE/CS . a VEL Lf 


vm — Win _ 


TCHZ Ge Twz =. Tow TOH 
/o Dout HR OO IY 


231093—10 


Tow 


WRITE CYCLE 2: ALE/CS, WE Controlled (with OE) 


TAL 


— AVA VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAYA' 
ADDRESS ) es IPM V VWI IVA V PIII G999 
) TUA 
Tew a 


% T7TTTTTM TF B NANNANNAAAANNANT 


A NNNANANAN = 
10 S55) —_ $e XK) OIE 


231093-11 


ALE/CS 
TcHz 


NOTES: | 
1. Transition is measured +500 mV from steady state voltage with load shown in Figure 4. 
2. Can terminate write cycle with either CS or WE. 
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Application Information 


The 81C28 is perfectly compatible with the 80C51-BH timings, so that absolutely no wait states are necessary. 
When accessing external memory, the 80C51-BH emits the upper address byte from port 2 and the lower 
address byte as well as the data from port 0. The lower address and data are time multiplexed on PO and are 
connected to both the AO-A7 and DI/Oo-_7 pins of the 81C28. ALE provides the signal necessary to separate 
in time the address from data for the 81C28 and is connected to the ALE/CS input pin. Two pins on port 3 
(P3.6 and P3.7) provide the necessary read and write signals for proper control of the 81C28. The RD signal is 
connected directly to the 81C28 OE to allow data to be transferred to the 80C51-BH. External data memory is 
accessed from the 80C51-BH through the use of MOVX instructions. At 12 MHz, the 80C51-BH has a 1 usec 
cycle time which substantially reduces power consumption when using CMOS input levels (See Figure 6). The 
80C51-BH also emits a PSEN pulse which is for program storage. This can be used for an additional 64k of 
program memory space. 


With CMOS input levels, the 81C28 FAMILY features very low standby currents of 50 A for the low power 
version and 100 pA for the standard version. With nwatt standby power, battery backup operation can be 
accommodated. With the very low active current of 10 mA for CMOS inputs, full battery operation can also be 
designed. When coupled with the 80C51 at 12 MHz, active power consumption is even lower. 


Vss Vcc RST 


80C51-—BH 


231093-4 


Figure 5. Hardware Interfacing of 81C28 to 80C51 


81C28 ICC vs TCYCLE 


ICC - CMOS oa 


Toye 


ICC—CMOS (NORMALIZED) 


250 500 750 1000 1250 
CYCLE TIME (ns) 


231093-12 


Figure 6. 81C28 icc vs TcycLe 
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 27064/87C64 
64K (8K x 8) CHMOS UV ERASABLE PROM 


= CHMOS Microcontroller and m High Performance Speeds 
Microprocessor Compatible — 200 ns Maximum Access Time 
— 87C64-Integrated Address Latch = Noise Immunity Features 
— Universal 28 Pin Memory Site, 2-line — +20% Vcc Let 


Control — Maximum Latch-up Immunity 
m Low Power Consumption | Through EPI Processing 


— 10 mA Maximum Active Current Ae lI rae 
— 100 1A Maximum Standby Current ge eo ana wee a eee 


— 12.5V Vpp, HMOS II-E Compatible 


Intel’s 27C64 and 87C64 CHMOS EPROMs are 64K bit 5V only memories organized as 8192 words of 8 bits. 
They employ advanced CHMOS‘II-E circuitry for systems requiring low power, high performance speeds, and 
immunity to noise. The 87C64 has been optimized for multiplexed bus microcontroller and microprocessor 
compatibility while the 27C64 has a non-multiplexed addressing interface and is plug compatible with the 
standard Intel 2764A (HMOS II-E). 7 


The 27C64 and 87C64 achieve both high performance (200 ns access times) and low power consumption (10 
mA active current maximum CMOS inputs) making them ideal for high performance, portable equipment. 
Special EPI processing also reduces these devices’ susceptability to latch-up, a common CMOS quality prob- 
lem, and enables wide Vcc tolerances (20%) in CMOS systems. These features simplify the design of elec- 
tronic equipment which is subject to high noise environments. | 


- The 87C64 incorporates an address latch on the address pins to minimize chip count in multiplexed bus 
systems. Designers can tie combined (multiplexed) address-data processor busses directly into both the AO- 
A7 and 00-07 pins of the 87C64. During ALE high (ALE/CS) the address information is allowed to flow into 
the EPROM and begin accessing the stored code. On the falling edge of the ALE input (ALE/CS), address 
information at the address inputs is latched internally. The AO-A7 inputs are then ignored as data information 
is passed on the same bus from the EPROM O0-O7 Pins (ALE/CS remains low). , 


The highest degree of protection against latch-up is achieved through Intel’s unique EPI processing. Preven- 
tion of latch-up is provided for stresses up to 100 mA on address and data pins from —1V to Voc + 1V. 


*HMOS and CHMOS are patented processes of Intel Corporation. 


Table 1. Pin Names 


Ag-Ay2 [ADDRESSES 
Oe07 [ouTpuTs 
(OE |OUTPUTENABLE 


DATA OUTPUTS 


OUTPUT ENABLE 
PROG LOGIC 


CHIP ENABLE 


1 
2 
3 
4 
5 
6 
7 
J 


PCM oS 


OUTPUT BUFFERS ; 


Y—-GATING 


NO CONNECT 


290000-2 
Figure 2. 


290000-1 : : 
Pin Configuration 


Figure 1. Block Diagram | 


represent the 87C64 version 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent . 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. September 1984 
© Intel Corporation, 1984 Order Number: 290000-001 
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ABSOLUTE MAXIMUM RATINGS” 
Temperature Under Bias — 10°C to + 65°C 


Storage Temperature .......... —65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground.............. —2.0V to 7V(1) 
Voltage on Pin 24 with 


Respect to Ground —2.0V to + 13.5V(1) 
Vpp supply Voltage with Respect to Ground 

during programming —2.0V to + 14V(1) 
Operating Temperature During Read . .0°C — 70°C(2) 


READ OPERATION D.C. CHARACTERISTICS 
Symbol 


Input Load Current 
Output Leakage Current 


lh 
ILo 


Operating Current TTL inputs 


Icc CMOS | Operating Current 


Standby Current TTL Inputs | 
Standby Current CMOS Inputs 


e 
©) 
: rT 


TTL 


n 
a) 


Isa CMOS 

pp | Vpp Read Current 

Vit Input Low Voltage (+10% supply) 
(+20% supply) 


Input High Voltage (+ 10% supply) 
(+20% supply) 


Output Low Voltage 
Output High Voltage 


Output Short Circuit Current 
3 Vpp Read Voltage 
NOTES: 


1. Minimum D.C. input voltage is —0.5V. During transitions, 
the inputs may undershoot to —2.0V for periods jess than 
20 ns. 

2. Operating temperature is for commercial product defined 


| ViH 


y 


|VOL 
OH 
pp 


V 
V 


3. Typical limits are at Voc = 5V, Ta = +25°C 

4. 20 mA for STD and —3 versions; 30 mA for —2 versions 
TTL inputs: spec Vj,, Vip levels . 
CMOS inputs: GND + 0.2 to Vcc + 0.2 


27C64/87C64 


PRELIMINARY 


*Notice: Stresses above those listed under “'Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This ts a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Typ?| Max Test Condition 
1.0 | pA} Vin = 5.5V 


> 


> 


< 


= TE =e Te 
<5 2] 3] 35/8 


Vcc 


5. ALE/CS or CE is Vcc + 0.2V. All other inputs can have 
any vaiue within spec. 

6. Maximum Active power usage is the sum Ipp + Icc. 

7. O_.put shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 

8. Vpp may be one diode voltage drop below Vcc. It may 
be connected directly to Vcc. 
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CAPACITANCE! Ta = 25°C, f = 1.0 MHz 


| Symbol | Parameter =| Max_ 
Cin Address/control capacitance a 


. Vin = OV 
Vout = OV 


Unit Conditions 
pF 
pF 


Cout > Output Capacitance 


NOTE: 
1. Sampled. Not 100% tested. 


A.C. Testing Load Circuit READ MODE: 27C64 


The 27C64 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output enable 
(OE) is the output control and should be use to gate 
Gane data from the output pins, independent of device se- 
TEST lection. Assuming that addresses are stable, the ad- 
dress access time (tacc) is equal to the delay from 
CE to output (tce). Data is available at the outputs 
after a delay of tog from the falling edge of OE, as- 
CL = pF SPOS suming that CE has been low and addresses have 
C,, Includes Jig Capacitance been stable for at least tacc—toe. 


READ MODE: 87C64 


The 87C64 was designed to reduce the hardware 
interface requirements when incorporated in proces- 
sor systems with multiplexed address-data busses. 
Chip count (and therefore power and board space) 
can be minimized when the 87C64 is designed as 
shown in Figure 4. The processor’s multiplexed bus 
(ADo-7) is tied to both address and data pins of the 
87C64. A separate address latch is eliminated. 


The 87C64 internal address latch is directly enabled 
through the use of the ALE/CS line. While the ALE/ 
CS is in the high state, the internal latch is enabled 
for address flow through. As the transition occurs on 
the ALE/CS from the TTL high to the low state, the 
last address presented at the address pins is re- 


tained. Data is then enabled onto the bus from the 
Figure 4. 80C31 with 87C64 EPROM via the OE pin. 


System Configuration 


Table 2. Read Modes for 27C64 / § 


NOTE: 
X can be Vj or Viz. 
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STANDBY MODE 


The 27C64 and 87C64 have Standby modes which in the TTL-high state. When in the Standby mode, 
reduce the maximum Vcc current to 100 pA. Both the outputs are in a high impedance state, indepen- 
are placed in the Standby mode when pin 20 is dent of the OE input. 


READ OPERATION 


A.C. CHARACTERISTICS: 27C641 


[Vec#5% | -2 
Versions Vcc + 10% | 20 | 
Voc +20%2] —200_| 


| Symbol | Characteristic =| Min. | Max | Min | Max | Min 
tacc | AddresstoOutputDelay =| 200 | | 250 
te CE to Output Delay ime ol rd 
toe | OEtoOutputDelay | | too 


ice 
toe 
E or OE Change-Whichever is First. 


NOTES: 

1. A.C. characteristics tested at Vi, = 2.4V and Vi, = 0.45V. 
Timing measurements made at Vo, = 0.8V and Von = 2.0V. 

2. +20% Vcc versions available in 1985. 

3. Guaranteed and sampled. 


A.C. WAVEFORMS: 27C64 


Vin 


ADDRESS 
ADDRESSES VALID 


ton 


Wl... 
: NANNY 


OUTPUT 


290000--5 
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READ OPERATION 


synbot | Parameter 


Chip Deselect Width 
Address to CS-Latch Set-up 


cael 

| 30 | 

Pn) Rens 
tcoe 


CS to Output Enable 
Chip Deselect to Output in High Z 
Output Disable to Output in High Z 


A.C. CHARACTERISTICS: | 


Versions — 


aN NO 
o1 © 


toyz? 
~ toHz? 


NOTES: 

1. A.C. characteristics tested at Vij4y = 2.4V and Vi, = 0.45V. 
Timing measurements made at Vo, = 0.8V and Voy =2.0V. 

2. +20% Vcc versions available in 1985. 

3. Guaranteed and sampled. 


co 
taL 
tLA 
toe 


vooresses KOO) 


ALE/CS 


OUTPUTS 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 27C64 and 87C64 
are such that erasure begins to occur upon expo- 
sure to light with wavelengths shorter than approxi- 
mately 4000 Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 A range. Data shows 
that constant exposure to room level fluorescent 
lighting could erase the typical 27C64 or 87C64 in 
approximately three years, while it would take ap- 
proximately one week to cause erasure when ex- 
posed to direct sunlight. If the 27C64 or 87C64 are 
to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels should 
be placed over the window to prevent unintentional 
erasure. 


The recommended erasure procedure for the 27C64 
and 87C64 is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The 
integrated dose (i.e., UV intensity < exposure time) 
for erasure should be a minimum of fifteen (15) 
Wsec/cm2. The erasure time with this dosage is ap- 
proximately 15 to 20 minutes using an ultraviolet 
lamp with a 12,000 »W/cm2 power rating. The 
27C64 or 87C64 should be placed within one inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose a 27C64 or 87C64 can be exposed to 
without damage is 7258 Wsec/cm2 (1 week @ 
12000 pW/cm2). Exposure of these CHMOS 
EPROMs to high intensity UV light for longer periods 
may cause permanent damage. 


CHMOS NOISE CHARACTERISTICS 


Special EPI processing techniques have enabled In- 
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from —1V to Voc + 1V. 


Additionally, the Vpp (programming) pin is designed 
to resist latch-up to the 14V maximum device limit. 


PROGRAMMING 


Caution: Exceeding 14.0V on pin 1 (Vpp) may per- 
manently damage the 27C64 or 87C64. 


Initially, and after each erasure, all bits of the 27C64 
or 87C64 are in the ‘1” state. Data is introduced by 
selectively programming “Os” into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both “1s” and “Os” can be present in the data word. 
The only way to change a “0” to a “1” is by ultravio- 
let light erasure. 


27C64/87C64 
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The 27C64 or 87C64 are in the programming mode 
when the Vpp input is at 12.5V and CE is at TTL-low. 
The data to be programmed is applied 8 bits in paral- 
lel to the data output pins. The levels required for the 
address and data inputs are TTL. 


inteligent Programming™ 
Algorithm 


The 27C64 and 87C64 intgligent Programming Algo- 
rithms rapidly program Intel CHMOS II-E EPROMs 
using an efficient and reliable method particularly 
suited to the production programming environment. 
Typical programming times for individual devices are 
on the order of one minute. Actual programming 
times may vary due to differences in programming 
equipment. ; 


Programming reliability is also ensured as the incre- 
mental program margin of each byte is continually 
monitored to determine when it has been success- 
fully programmed. A flowchart of the 27C64 or 
87C64 inteligent Programming Algorithm is shown in 
Figure 5. 


The intgligent Programming Algorithm utilizes two 
different pulse types: initial and overprogram. The 
duration of the initial CE pulse(s) is one millisecond, 
which will then be followed by a longer overprogram 
pulse of length 3X msec. X is an iteration counter 
and is equal to the number of the initial one millisec- 
ond pulses applied to a particular 27C64 or 87C64 
location, before a correct verify occurs. Up to 25 
one-millisecond pulses per byte are provided for be- 
fore the overprogram pulse is applied. 


The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6.0V and Vpp = 
12.5V. 


When the intgligent Programming cycle has been 
completed, all bytes should be compared to the orig- 
inal data with Voc = 5.0V. 


PROGRAM INHIBIT 


Programming of multiple 27C64 or 87C64 EPROMs 
in parallel with different data is easily accomplished 


by using the Program Inhibit mode. A high-level CE 


or ALE/CS input inhibits other 27C64 or 87C64 
EPROMs from being programmed. 


Except for CE or ALE/CS all inputs of the parallel 
27C64s or 87C64s may be common. A TTL low-level 
pulse applied to the PGM and CE or ALE/CS input 
with Vpp at 12.5V will program the selected 27C64 
or 87C64. 
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VERIFY 


A verily (ieau) sn ould ve penorined on in Ic pro- 
grammed bits to determine that they have been cor- 
ah 8 he ob The verify is performed with OE 
and CE or ALE/CS at Vj. Data should be verified a 
minimum of togy after the falling edge of OE. 


inteligent Identifier™ Mode 


The intgligent identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 


_ 27C64/87C64 | 


PRELIMINARY 


use by programriing equipment for the purpose of 
automatically matching the device to be pro- 


meamamnart sas tin ite Anrrosnondai ere progra 
yw CALEULE EUSA VVIGLEE Fb Www wupwet wa tty WU CAI ote Yee uA aigc- 


rithm. This mode is functional in the 25°C + 5°C 
ambient temperature range that is required when 
programming the 27C64 or 87C64. 


To activate this mode the programming equipment 
must force 11.5V to 12.5V on address line A9 (pin 
24) of the 27C64 or 87C64. Two bytes may then be 
sequenced from the device outputs by toggling ad- 
dress line AO (pin 10) from Vi, to Vi. All other ad- 
dress lines must be held at Vit during intgligent iden- 
tifier Mode. 


Table 3. progcamming Modes for 27C64 and 87C64 


Outputs 
(11-13, 15-19) 


intgligent Identifier3 
-Manufacturer 


intgligent Identifier3.5 
-87C64 


NOTES: 

1. X can be Vi, or Vin 

2. Vy = 12.0V + 0.5V 
3. Ay—-Ag, Ato-12 = ViL 
4. Voc = 6.0V + 0.25V 
5. Available in 1985 
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START 


ADDR = FIRST LOCATION 


Vcc = 6.0V 
Vpp = 12.5V 


PROGRAM ONE 1 msec PULSE 
INCREMENT X 


FAIL DEVICE 
FAILED 


VERIFY ONE 
BYTE 


PROGRAM ONE PULSE 
OF 3X msec DURATION 


YES 
Voc = Vpp = 5.0V 


INCREMENT ADOR 


COMPARE 
ALL BYTES FAM DEVICE 
TO ORIGINAL FAILED 
DATA 


“Teass 


DEVICE PASSED . 


»290000-7 


Figure 5. 27C64 and 87C64 intgligent Programming™ Flowchart 
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inteligent Programming™ ALGORITHM 


D.C. PROGRAMMING CHARACTERISTICS: 
Ta = 25°C + 5°C, Voc = 6.0V + 0.25V, Vpp = 12.5V + 0.5V 


[smoot | Parmeter a 


Input Current (All Inputs) 
Input Low Level (All Inputs) 
Voc Supply Current 


Test Conditions 


7 


2 


ps 
pS 
1.05 (See Note 1) 


(See Note 2) 


2 


PGM Initial Program 
Pulse Width 


PGM Overprogram 
Pulse Width 


Data Valid from OE 


1.0 


. NOTES: 
A.C. CONDITIONS OF TEST 1. Initial Program Pulse width tolerance is 1 msec + 5%. 
ane ne ‘ ‘ 2. The length of the overprogram pulse may vary from 2.85 
Input Rise and Fall Times (10% fo 90%)...... 20 ns msec to 78.75 msec as a function of the iteration counter 
Input Pulse Levels .................. 0.45V to 2.4V value X. ~—— 
Input Timing Reference Level ....... 0.8V and 2.0V 3. This parameter is only sampled and is not 100% tested. 
Output Timing Reference Level ...... 0.8V and 2.0V Output Float is defined as the point where data is no long- 


er driven—see timing diagram. 
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inteligent Programming™ Waveforms: 27C64 


VERIFY 


ADORESSES 


HIGH Z 


DATA OUT VALID 
in 1 ; 
6.0V {| |] | | 


Voc 

5.0V= tvcs 

Vin 

CE 

a 


toes 


> S| 


tvcs 


Vit oe 


Vin 


toe 
Vin 


topw 


Vir 
290000-9 


NOTES: 

1. The Input Timing Reference Level is 0.8V for Vi, and 2V for a Viz. 

2. tog and tprp are characteristics of the device but must be accommodated by the programmer. 

3. When programming the 27C64, a 0.1 wF capacitor is required across Vpp and ground to suppress spurious voit- 
age transients which can damage the device. 
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A.C. PROGRAMMING CHARACTERISTICS: | 


Test 
Conditions 
ps 


NOTE: 


ADDRESS 
DATA 


ALE/CS 


VPP 


290000-8 
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29C50 and 29C51 
FEATURE CONTROL COMBO 


@ 29C50 22-pin, 7 signaling channels 
@ 29C51 28-pin, 10 signaling channels, secondary analog inputs and outputs 


= External and User Programmable @ Programmable ,;/A-Law Select 


Transmit and Receive Gain = Flexible Signaling Interface 


= Programmable Internal and External 


Hybrid Balance Network Select = Secondary Analog Channel 


= Programmable Analog, Digital, and = Three-Party Conferencing 
Subscriber Loopback = Low Power Consumption 


The Intel iATC 29C50/29C51 Feature Control Combo is an advanced user-probrammable, fully integrated PCM 
Codec with transmit/receive filters fabricated in a CMOS technology. This technology is built on CHMOS and 
will allow the 29C50 and 29C51 to realize the same excellent transmission performance as in the Intel 2913/ 
2914 combo while achieving the low power consumption typical of CMOS circuits. 


The 29C50/29C51: are the first members of Intel’s third generation advanced telecommunication components. 
The Feature Control Combo supports the analog subscriber with a variety of added per-line features to the 
normal BORSCHT functions associated with the analog line circuit. Some of these features include secondary 
analog channels, programmable transmit and receive gain, on-chip or custom hybrid balancing network selec- 
tion, a flexible signaling interface, and programmable « or A-law conversions. 


The 29C50/29C51 is intended for use with the 2952 Integrated Line Card Controller in digital switching envi- 
ronments. These components allow the system transmit and receive backplane highways to operate at different 
frequencies from that of the subscriber interface data channels. The 2952 handles the transfer of primary voice, 
secondary analog data, feature control, and signaling information between the backplane and up to 8 29C50/ 
29C51’s. | 


signi (]1 22 (_) EBN1 sicri (1 SAO 
sicr2 (J 2 21 [_] EBN2 siGR2 (CJ 2 EBN1 
sico (13 20 {_] vFR- siGR3 ([] 3 EBN2 
siec C4 19 (7) VFR+ sicp (J 4 VFR - 
sicB (C]5 18[] GSR siec (15 VFR + 
sica (16 17] vec sicB ([] 6 GSR 
SLD [C]7 16 [J] GNDA SIGA [[] 7 vcc 
GNOD [7] 8 15[7) Tat SLD] 8 GNDA 
SCL [C] 9 1417) VBB GNDD [[] 9 3 Ta1 
SDIR [C] 10 13 [-) TG2 SCL [7] 10 VBB 


siexi (J 11 12 [7] VFX SDIR [7 TG2 
| SIGX1 [7 VEX 

SIGX2 [7 7 SAI2 

SIGX3 [7 SAIt 


Figure 1. Pin Configuration 
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SAI SELECTION SWITCH 


| Salt 


— SAl2 


VEX 


SECONDARY 
ANALOG 
INPUT (SAI) 


TRANSMIT 
PROGRAMMABLE 


TRANS- 
MIT 
VOICE 


BALANCE 


NETWORK __ BALANCE 
PULSE-CODE 
SWITCH ae NETWORK sopucanion . 
U ENCODER Z 
= 
od ” re 
< oO x EBN1 a SCL a 
zZO BALANCE CONTROL te 
wi S 2 NETWORK SDIR uu 
P< EBN2 REGISTERS. : = 
< ow ) SELECTION AND 
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9 SIGR(n) O—O 2 
5 ” Ooo” Y Oo | 
4 x = 
2 < SiGX(n) = wi z 
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= SIGP(n) a | PCM 
| DECODER 
PRIMARY AND SAO 
SWITCH O 
—_ OWnWQ 
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2g = ae Ee co <i | FILTER | Voc 
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~~ 
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o-6 SAMPLE 

625 AND HOLD | ~~ Y© 
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Figure 2. Block Diagram 
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Table 1. Pin Names 


VFX 

VFR+, VFR— 
SAI1, SAI2 
SAO 

GNDD 


Analog Input 

Analog Output 
Secondary Analog Inputs 
Secondary Analog Outpu 
Digital Ground | 
GNDA 


Analog Ground 
Power (+ 5V) 
Power (—5V) 


SCL 

SLD 

SDIR 

TG1, TG2 
GSR 

EBN1, EBN2 
SIGX1, X2, X3 
SIGR1, R2, R3 
SIGA, B, C, D 


Subscriber Clock 
Subscriber Data Link 
Subscriber Direction 
Transmit Gain Adjust 
Receive Gain Adjust 
External Balance Network 
Transmit Signaling Input 
Receive Signaling Output 
Programmable Transmit/ 
Receive Signaling Lead 


Table 2. Pin Description 


Most positive supply; input voltage is 
+5V+5%. 


Most negative supply; input voltage is 
—5V+5%. 


GNDA Analog ground return line. Not internally 
connected to GNDD. 

GNDD Digital ground return line. Not internally 
connected to GNDA. 


Analog voice input to transmit channel. 


Inverting input to transmit gain adjusting 
op-amp. Feedback point for external gain 
adjusting resistor network up to 10k ohm. 


Output of the transmit gain adjusting op- 
amp. Will drive external gain adjusting 
resistor network up to 10k ohm. 


Non-inverting output of the power 
amplifier. Capable of directly driving 
transformer hybrids or high impedance 
loads either single ended or differentially. 


Inverting output of power amplifier. 
Capable of directly driving transformer 
hybrids or high impedance loads either 
single ended or differentially. 


Input to receive gain setting circuit. An 
external resistor network connected 

between VFR— and VFR+, and GSR 
sets the receive channei gain from OdB to 
| —9.54dB. Connecting GSR to GNDA will 
set the gain at — 6.02dB. 


EBN1 Input for the first external balance network. 


EBN2 Input for the second external balance 
network. 


First secondary analog input, also the non- 
inverting input if differential secondary 
analog input mode is selected. 


Second secondary analog input, also the 
inverting input if differential secondary 
analog input mode is selected. 
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SAO Secondary analog output, capable of 
driving loads of a least 10kQ. 
SCL Subscriber clock. Supplied by the 2952 


line card controller, this is a 512 kHz, 
50% or 33% duty cycle clock. Input will 
accept TTL levels. 


Subscriber direction signal and frame 
sync. When high, SLD becomes an input 
and data is transferred from the 2952 to 
the 29C51. When low, the output buffer 
on the 29C51 SLD pin is enabled and 
data is transferred from the 29C51 to the 
2952. Input will accept TTL levels. 


Subscriber data link. A 512kbps bi- 
directional serial data port, which is 
clocked by SCL. SLD becomes a TTL 
compatible input when SDIR is high and 
an output capable of driving one TTL 
load when SDIR is low. 


Transmit signaling inputs. Data present at 
SIGX(n) is latched by an internal signal 
preceding the falling edge of SDIR and is 
serially transferred on SLD during the 
transmit signaling byte. TTL compatible. 


Receive signaling outputs. Data received 
serially on SLD during the receive | 
signaling byte is latched on these outputs 
during the following byte. Capable of 

driving one TTL load. 


Programmable signaling pins. If the 
appropriate bit in the feature control 
memory is set high (either SIGDA, SIGDB, 
SIGDC, or SIGDD), the corresponding pin 
will become a receive signaling output, like 
SIGR(n). If the bit in the feature control 
memory is set low, the corresponding pin 
will become a transmit signaling input, like 
SIGX(n). Inputs will accept TTL level 
inputs, and outputs can drive one TTL 
load. 


intel’ 
FUNCTIONAL DESCRIPTION 


THe Z9C50/Z9C51 is a cuormvined channel filer and 
PCM codec for use on analog line interface circuit 
boards in a digital telecommunications switching sys- 
tem. This device resides between the circuitry which 
provides the “BORSHT” functions for a given line, 
and the shared line board controller. It provides the 
transmit and receive voice-path filtering and com- 
panded analog-to-digital and digital-to-analog con- 
versions necessary to interface a full duplex (4-wire) 
voice telephone circuit with the PCM highways of a 
time division multiplexed (TDM) system. 


e BATTERY FEED 
@ OVERVOLTAGE 
e RINGING 

e SUPERVISION 
e HYBRID 

e TEST 


e@ FILTERING 
e LINE BALANCE 
e SLIC CONTROL 


e TEST 


e A/D CONVERSION 


iATC 29C50 and 29C51 


e SPECIAL FUNCTIONS 


PRELIMINARY 


Aii features of tne z2z-ieag device (ZYU5U) are iden- 
tical to that of the 28-lead device (29C51) except for 
the number of signaling pins and the secondary chan- | 
nel capabilities. There are 10 signaling channels 
available on the 29C51 configured as three transmit, 
three receive, and four programmable for either di- 
rection. Seven signaling ieads are located on the 
29C50 providing one transmit, two receive, and four 
programmable. There are no secondary analog in- 
puts or outputs on the 29C50; however, three-party 
conferencing is still available. 


XMIT 


CONTROL 


OPTIONAL 
MICROCONTROLLER 


@ POWER UP CONFIGURATION 
e LINE SCAN PROCESSING 
e LINE CARD CUSTOMIZING 


Figure 3. Analog Linecard 


TRANSMIT AND RECEIVE OPERATION 
Transmit Filter 


A low pass anti-aliasing section is included on chip. 


This section typically provides 35dB attenuation at. 


the sampling frequency. No external components are 
required to provide the necessary anti-aliasing func- 
tion for the switched capacitor section of the transmit 
filter. | 


The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 spec- 
ification and the CCITT G.712 recommendation. The 
29C50 and 29C51 specifications meet the digital 
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class 5 central office switching systems requirements. 
The transmit filter transfer characteristics and spec- 
ifications will be within the limits shown in Figure 10. 


A high pass section configuration rejects low fre- 
quency noise from 50 and 60 Hz power lines, 17 Hz 
European electric railroads, ringing frequencies and 
their harmonics, and other low frequency noise. Gain 
of up to 20dB can be set without degrading the per- 
formance of the filter. | | 


. ® 
intel 
Encoding 


The output of the transmit filter is internally sampled 
by the encoder and held on an internal sample and 
hold capacitor. DC offset is corrected by an on-chip 
auto zero circuit. The signal is then encoded and 
presented as PCM data on the SLD lead on the first 
8 bits of the XMIT half frame (fifth byte). Secondary 
analog input signals are routed directly to the encoder 
and output in the sixth byte on the SLD. 


Decoding 


The PCM words received on the SLD are demulti- 
plexed and sent to the decoder. The decoded value 
is held on an internal sample and hold capacitor. If 
the secondary analog channel is being used, the PCM 
word received in the second byte on the SLD is de- 
coded, then held on another sample and hold ca- 
pacitor before appearing on the secondary analog 
output (SAO). If, however, conferencing has been 
selected, the two converted signals will be added and 
subsequently passed to the receive filter. 


Receive Filter 


The receive section of the filter provides a passband 
flatness and stopband rejection which fulfills the AT&T 
D3/D4 specification and the CCITT G.712 recom- 
mendation. The receive filter transfer characteristics 
and specifications will be within the limits shown in 
Figure 11. 


GENERAL OPERATION 
External Gain Setting 


Both transmit and receive gain levels are factory 
trimmed, but can be modified by external resistors 
during line card assembly. The value of transmit gain 
is adjusted by connecting resistors RT1 and RT2 (see 
Figure 4) at the two external gain setting control pins, 
TG1 and TG2. These two pins are the input and out- 
put of an on-board gain amplifier stage, and the re- 
sistors provide the necessary input and feedback for 
gain control. The value of external gain is given by: 


A = 1+ RT1/RT2 


For unity gain, pins TG1 and TG2 are tied together. 
Similarly, for the receive section, external resistors 
RR1 and RR2 at pins VFR+, GSR, and VFR- set 
the external gain given by: 


A = (RR1 + RR2)/(RR1 + 3RR2) 


A value greater than 10k ohms and ‘less than 
100k ohms for Ri + R2 is recommended. The output 
is capable of driving loads of 300 ohms at 3.2Vp 
single ended or 600 ohms at 6.4Vp differentially. 


Three additional gain settings of OdB, —6dB, and 
~- 9.54dB can be realized without using any external 
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components by strapping pin GSR to VFR—, GNDA, 
and VFR+, respectively. 


RT2 RT1 


Figure 4. External Gain Connections 


Hybrid Balancing Network 


The 2- to 4-wire conversion necessary for subscriber 
interface is partially integrated on-chip. Network line 
balancing needed to minimize the trans-hybrid loss 
from the receive to transmit direction analog signals 
is handled internally. The three internal networks 
shown in Figure 6 may be selected by programming 
the appropriate feature control byte. These networks 
are integrated in a switched capacitor configuration 
and have single pole-zero characteristics in the 200 
Hz to 3200 Hz range. They were chosen to serve a 
wide base of U.S. and European requirements, and 
can be used as standard line balancing networks or 
as test networks. 


Figure 5. External Balance Network and 
interpolation Configuration 
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IMAGINARY BALANCE 
IMPEDANCE (kQ) 
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NETWORK #1 NETWORK #2 NETWORK #3 
(TBN1) (TBN2) (TBN3) 


005uF 10002 05uF 10022 


fimin = 200 Hz 
Af = 200 Hz 
‘fmax= 4 kHz 


= INTERPOLATION 
COEFFICIENT 


REAL BALANCE IMPEDANCE (kQ) 


Figure 7. Typical External Balance Networks 
and Complex Impedance Plot 
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Additionally, the user may apply two external balance 
networks to accommodate varying subscriber loop 
characteristics (See Figure 5 for external connec- 
tions). Presumably, these two networks can represent 
the two extremes of line conditions in different appli- 
cations such as long or short loops and loaded or 
unloaded lines. To serve typical lines with character- 
istics in between the two extremes, the interpolation 
capability provides a weighted average of the network 
frequency characteristics. If the external network at 
EBN1 produces a transfer function H1(f)=ZB1 
(Zo+ZB1) and the network at EBN2 produces 
H2(f)=ZB2 (Zo+ ZB2), the balance signal can be 
programmed to have the transfer function H(f): 


H(f) = a H1(f) + (1—a) H2(f) 
where “a” is the interpolation coefficient programmed 
to have any of the five values of 0, .25, .50, .75, or 


1.0. Figure 5 displays how the subtraction of the cou- 
pling signal is implemented inside the device. 


As an example, the two external networks shown in 
Figure 7 represent typical hybrid balance networks 
for loaded (ZB1) and unloaded (ZB2) analog loops. 
The graph in Figure 7 shows the real and imaginary 
components of the equivalent impedance of these 
two networks as a function of frequency and the in- 
terpolation coefficient. 


Secondary Analog Channel/Conferencing 


The 29C51 offers two simultaneous unfiltered infor- 
mation channels beyond the primary channel. Narrow 
band analog signals can be supplied for such appli- 
cations as telemetry, teleconferencing, remote loop 
testing, or various control uses. 


The secondary analog channel is accessed through 
two inputs, SAI1 and SAI2, sampled either single 
ended or differentially. The unfiltered secondary an- 
alog output, SAO, is a stair-step signal with the in- 
herent sinx/x frequency rolloff following D/A conversion. 


To allow three-party conferencing, the third party 
voice information can be transmitted and received 
during the data bytes carrying the secondary analog 
channel information. In the receive direction the pri- 
mary and secondary voice signals are held on sep- 
arate internal capacitors following D/A conversion, 
then passed through a — 3dB attenuator and summed 
together. The combined signal is smoothed in the 
receive filter and passed onto the output power am- 
plifier. In the transmit direction, the pulse-code mod- 
ulation encoder inserts the primary voice into both 
the fifth and sixth SLD bytes. 


Precision Voltage References 


Voltage references are generated on-chip and are 
trimmed during the manufacturing process. Separate 
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references are supplied for both the transmit and re- 
ceive sections of the chip, each trimmed indepen- 
dently. These references determine the gain and dy- 
namic range of the device and provide the user a 
significant margin for error in other board components. 


SLD Interface 


The 29C50 and 29C51 are intended for use with the 
2952 Line Card Controller which manages the trans- 
fer of all voice, feature control and signaling data to 
and from the Feature Control Combo and the system 
backplane. The interface between the two consists 
of just three leads, two of which are clock signals and 
the third a unique serial bus for communication. Up 
to eight 29C50/29C51 feature control combos per line 
card can be controlled by one 2952, all sharing com- 
mon clock signals, SCL and SDIR. 


The subscriber direction (SDIR) lead provides an 8 
kHz signal which divides each frame into transmit and 
receive halves. During the first half when SDIR is high 
(RCV half-cycle), data is transmitted from the 2952 
to the 29C51 and in the second (XMIT half-cycle) 
transfer is from the 29C51. back to the 2952. Frame 
synchronization and all internal timing for the digital 
circuitry is derived from the rising edge of the SDIR 
signal. | 


The subscriber clock (SCL) input generated by the 
2952 is a fixed 512 kHz clock signal allowing 64 bits 
(8 bytes) of data to be transferred on the SLD lead 
during each 125 psec frame. Depending on 2952 
master clock frequency, the SCL duty cycle can be 
either 50% or 33%. 


The subscriber data link (SLD) is a bidirectional serial 
bus that transfers eight bytes of serial data to and 
from the 29C51 each frame. During the first half of 
each frame, RCV channel information is transferred 
to the 29C51 in four bytes consisting of primary voice, 
secondary analog, feature control, and signaling in- 
formation. (The data byte actually contains the sec- 
ondary analog channel information.) Similarly during 
the second half-cycle, four bytes of XMIT channel 
information are sent to the 2952. The MSB (bit 7) of 
each byte is sent first on the SLD. After the last valid 


signaling bit is transmitted to the 2952, the bus is 


placed in a high impedance state for at least one SCL 
clock cycle to prevent data contention on the bus. 
(See FCB#6 — Signaling Register.) 


Upon power supply application and clocks SCL and 
SDIR applied, the 29C51 will automatically enter the 
power down state. During the transmit half cycle 
(29C51 talking to the 2952) a code of all ones will be 
sent to the controller during the VOX and DAX bytes. 


intel” IATC 2950 and 29C51 PRELIMINARY 


2952-—>29C51 29C51—>2952 


l | l 
RECEIVE HALF-CYCLE TRANSMIT HALF-CYCLE 
\ | | 
| | | 


SLD 


| 512 KBPS | 


Figure 8. 29C51/2952 Interface 
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PROGRAMMABLE FEATURES 


The 29C51 is configured by the 2952 line card con- 
troller by a set of six feature control bytes (FCB). 
These bytes of information are stored in internal reg- 
isters which are serially multiplexed to and from the 
SLD interface in the third and seventh byte locations. 
The first two bits of each byte consist of a multiframe 
synchronization and write enable code. The framing 
bit (bit 7, MSB) establishes the beginning of a feature 
control frame when set to a logical zero, and incre- 
ments the feature control counter when set to one. 
The second (bit 6) enables the writing to the 29C51 
when it is the logical complement of the framing bit. 


When writing new feature contro! information to the 
29C51, the first byte should contain a framing (F) and 
write enable (WE) header of 01 (F=0 and WE =1). 
This designates a new frame of information to trans- 


FCB #1 — Power Up/Down, Loop Back 
Mode, »/A-Law Select Register 


POWER UP AND DOWN | 

The 29C50/29C51 can be instructed to go into the 
power down or standby mode for reduced power con- 
sumption. In this mode, all analog inputs and outputs 
are placed in a high impedance state, inhibiting all 
primary voice and secondary | data signals. A code of 
all ones will be output in the voice and data bytes on 
the SLD. Signaling and feature control information 
will continue to be processed to allow the 29C51 to 
be read or reprogramed, and to allow the backplane 
to monitor the subscriber line. 


The 2952 can change the state of the feature control 
combo from standby to active by sending the first 
feature control byte only. All other register contents 
will be preserved during power down provided the 
power supplies remain connected. 


LOOP BACK MODE SELECT 

Three modes of remote testing are incorporated in 
the 29C50/51 and can be selected by appropriate 
coding in this register. The loopback features allow 
a number of tests to be performed to determine line 
quality and balancing. These inciude digital loop back, 
analog loop back, and subscriber loop back. 


In the digital loopback mode, the combo retransmits 
the PCM words it receives in the voice and data bytes 
of the SLD back to the line card controller in the same 
frame. This feature allows path verification and testing 
of the circuit up to the slave device. 


When the analog loopback mode is selected, the an- 
alog output VFR'+ is internally connected to the an- 
alog input VFX. This feature allows functional testing 
of the combo as well as gain adjustment. The sec- 
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fer. The subsequent bytes should each have F = 1 to 
advance the counter, and WE = 0 to enable the write 
operation. 


The controller can also request to verify the feature 
control register contents by sending a 00 or 11 at the 
beginning of the byte to be read. To read the first 
byte, a 00 F/WE code should be sent while each 
subsequent byte should have a 11 header. An internal 
six-stage counter is set on the first byte verified then 
incremented once each 125s frame. It is reset only 
upon detection of a 01 or 00 F/WE. Once the counter 
is greater than six, neither read nor write modes may 
be selected by sending the 29C51 a 11 framing and 
write enable code. The 29C51 will then echo in byte 
7 the data it received in byte 3. 


MSB LSB 


ait Number > [7]6[5]4]3]2]* [0] 
Bit Name 
#7 6 y 
no change 11 F don't 
write enable 10 WE care 
power down 0 


power up 1 


normal operation 0 
digital loop back 1 


normal operation 0 


ALB 
analog loop back 1 


normal operation 0 
SLB 
subscriber loop back 1 
A-Law 0 
A 
p-Law 1 . 


ondary analog channel is unaffected during this 
operation. 


In the third test mode, subscriber loopback, the digital 
output of the A/D converter is internally connected to 
the input of the D/A converter. The analog signal input 
to VFX is sent through the transmit filter, encoded, 
then decoded, filtered and output to VrFR+ and 
VFR—. This mode is used primarily for simplifying 
analog to analog testing from the subscriber side of 
the line card. If the secondary analog inputs and out- 
put are being used, they will be looped back in the 
same manner. 


CONVERSION LAWS 

The 29C50 and 29C51 can be selected for either 
p-law or A-law operations. A user can select either 
conversion law by assigning the corresponding bit. 
A logical 1 in bit 1 would select u-law while a logical 
0 would select A-law conversions. Both conversions 
follow CCITT recommendation G.711. 
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FCB #2 — Receive Programmable Gain 
Register 


The receive gain levels can be adjusted by applying 
external resistors as mentioned earlier, or by selective 
programming of this register. A range from 0 to 
' —12dB in 0.5dB increments can be realized for the 
receive channel. 


FCB #3 — Secondary Analog Channel 
Register 


SECONDARY ANALOG INPUTS AND OUTPUTS 

The two inputs to the secondary analog channel, 
SAI1 and SAI2, can be programmed to be encoded 
either single ended or differentially. An analog signal 
applied at the selected input may be encoded once 
every 125 usec in addition to the primary voice chan- 
nel. Alternatively, both SAl1 and SAI2 may be se- 
lected in which case each signal would be encoded 
in alternating frames at an effective sampling rate of 
4 kHz. The LSB of the encoded word would toggle 
between 0 and 1 to designate which input it was en- 
coded from. A “1” in the LSB represents SAI1 and 


a “0” for SAI2. The two inputs may also be used in — 


a differential mode, one in SAI2 subtracted from 
SAI1. 


The receive section of the secondary analog channel 
can be progammed to direct the data byte output onto 
SAO, or to add the analog signal to the primary voice 
channel for conferencing. 


FCB #4 — Transmit Programmable Gain 
Register 


The gain setting of the transmit section of the chip 
operates in the same manner as the receive gain 
register. A 12dB range from —6.0dB to +6.0dB in 
0.5dB increments is available. 
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MSB LSB 
Bit Number —p> [7 {6 [5] 4/3] 2/1/90] 
Bit Name | ; 
#76 y ] 
nochange 11 F gent 
writeenable 10 WE =e 
Gain(dB) #54321 
— tT 90000 -«RGN1 | 
-0.5 00001 RGN2 
-1.0 00010 RGN3 
~1.5 00011 RGN4 | 
: »  RGNS 
= 0 11000 
-12.0 11XXX. 
MSB LSB 
Bit Number —»[7[6|5] 4/3] 2]1]0] 
Bit Name A 
: 4 
no change dont 


write enable 


normal operation 
transmit conferencing enable 


Secondary Analog Input Mode 
differential, SAI2-SAI1 

SAI1 only 

SAI2 only 

toggle beteen SAI1 and SAI2 


normal operation 
receive conferencing enable 


secondary analog output disable 
secondary analog output enable 


care 


: CONFX 


| 


00 SAIEN1 
; : salt 


i 


; CONFR 


0 SAOEN 
1 


MSB LSB 


Bit Number —p> BOORBEEO 3f2]1fo| 


don't 
care 


ol 


Bit Name 
#76 
no change 
write enable 
Gain (dB) 54321 
+6.0 00000 
+5.5 00001 
+5.0 00010 
+45 00011 
—6.0 11000 
—6.0 11XXX 


XGN1 
XGN2 
XGN3 
XGN4 
XGN5 
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FCB #5 — Balance Network Select and 
Gain Register 


BALANCE NETWORKS 

The 29C51 offers a choice of internal or external hy- 
brid balancing. Externally, two balance networks con- 
nected to pins EBN1 and EBN2 can.be used inde- 
pendently, or as a weighted average of the two. The 
weighting factor, or interpolation coefficient, can 
range from 0 to 1 in steps of .25. Setting “a” to be 
1 or O results in selecting either EBN1 or EBN2 
respectively. 


Three additional balance network configurations con- 
sisting of either a series or parallel RC circuit are 
located internal to the device. (See Figure 6). 


GAIN SETTING 

An additional 6dB gain in the balance signal path can 
be realized by coding this bit with a logical one. A 
logical zero provides unity gain. 


FCB #6 — Signaling Register 


Four pins are provided on both the 29C50 and 29C51 
chips to be used as selectable transmit or receive 
signaling inputs. A code of one in the respective bit 
commits the pin to receive signal information and a 
zero to transmit. The signaling field format as it ap- 
pears on the SLD bus is shown in Figure 9 for both 
the 29C50 and 29C51. R1, R2, and R3 correspond 
to signaling information received on SIGR1, SIGR2, 
and SIGR3 respectively. Similarly, programmable 
pins SIGA, SIGB, SIGC, SIGD, and transmit pins 
SIGX1, SIGX2, SIGX3 are coded into the bit location 
as shown below. 


Receive Signaling 
SLD Byte #4 


MSB 


LSB 
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no change 
write enable 


disable balance network 
enable balance network 


INT TBNI 
INT TBN2 
INT TBN3 
EBN #1,a = 1 
EBN #2, a = 0 
a= 25 

a = 50 

a = .7§ 


OdB gain (normal operation) 
6dB gain in signal path 
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MSB LSB 


Bit Number —p>- Wiel 


Bit —T 


all 


BNG 


MSB LSB 


Bit Number —p>- 7 [6 5 [4{3] 210] 


#76 


no change 
write enable 


22 lead package 
28 lead package 


SIGA is a transmit pin 
recelve pin 


SIGB /|s a transmit pin 
receive pin 


SIGC is a transmit pin 
receive pin 


SIGD is a transmit pin 
receive pin 


Bit Name zi | 


11 


don't 
care 


SIGDC 


SIGDD 


Transmit Signaling 
SLD Byte #8 


MSB 


LSB 


ea CCE ED ESE Tieleistelelite 


R2 R3 A BC DP — 
R2 A B CGC DB— — 


29051: Ri 
29C50: Ri 


Z = High Impedance State 
— = Don't Care State 


X2 X38 A 


Xi A B 


Figure 9. Signaling Field Format 
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ABSOLUTE MAXIMUM RATINGS Be - 
Temperature Under Bias ............. —10°C to +80°C — ‘NOTICE: Stresses above those listed under “Absolute Maxi- 


Siorage Temperature ...........008. —od°U io + 15U'U mum Ratings” may cause permanent damage to the device. 
All Input and Output Voltages This is a stress rating only and functional operation of the 
with Respect to Vag ........:eeeeeeeeeeee —0.3V to 13V — device at these or any other conditions above those indicated 
All Input and Output Voltages : in the operational sections of this specification is not implied. 
with Respect to Voc see iene ante ca —13V to 0.3V Exposure to absolute maximum rating conditions for extended 
Power Dissipation .............ccccescesseeeessssteeeeerens 1.35W periods may affect device reliability. 


DC CHARACTERISTICS | | : | 
(T, = 0°C to 70°C, Vog = +5V +5%, Vag = —5v +5%; SCL (50% duty), SDIR, SLD applied GNDD = 
Ov, GNDA = OV.) Typical values are for T, = 25°C and nominal power supply values 


DIGITAL INTERFACE 


[Parameter | ‘Min 
Input Leakage Current 
Input Low Voltage a 


Input High Voltage ; 


Output Low Voltage 
Output High Voltage 2.4 


Operating Power Dissipation 


eceive Programmable Gain = OdB) 


Test Conditions 


Signal input of OdBmO 
f = 1.02KHz 


A.C. CHARACTERISTICS — TRANSMISSION PARAMETERS 
(TG1 = TG2, Transmit Programmable Gain = 6dB; GSR = V 


GAIN AND DYNAMIC RANGE 


[Symbol] ___‘Parameter————* 


Emw | Encoder Milliwatt Response 


= 

JD 
| 

ms) 


3 
me] 


I+ 
© 
Q. 
E 


0.1 


3.70 dBVrms| No load; no sin x/x 
correction 


DmW Digital Milliwatt Response 


DmW,,, | Digital Milliwatt Response VFR + , 
VFR-—, pu-law | 


DmW,y| Digital Milliwatt Response VFR+, 
VFR -—, A-law 


V 
Digital Milliwatt Response at SAO, 


p-law : 
DmWas 


Digital Milliwatt Response at SAO, 
OTLP, 


I+ 


No load; no sin x/x 
correction 


A-law © 


Zero Transmission Level Point 
Transmit Channel (OdBm0O) 
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GAIN TRACKING 
Reference level = OdBm0O for u-law, — 10 dBm0 A-law at 1.02KHz, TG1 = TG2, GSR = VFR-, Transmit 
Programmable Gain = 6dB, Receive Programmable Gain = OdB 
| Symbol | Parameter | Max | 
Transmit Gain Tracking Error d +3 to —40dBm0 
Sinusoidal Input; «4 or A-law d - 40 to —50dBm0 
d -— 50 to —55dBm0 
+3 to —40dBm0 
— 40 to —50dBm0 


~—50 to —55dBm0 


Receive Gain Tracking Error 
Sinusoidal Input; ~ or A-law 


AT&T PUB43801 and 
CCITT G.712 — Method 2° 


Test Conditions 


Output Offset, VFR+ or VFR-, 
single ended 


Relative to GNDA 


Symbol | Parameter | 
Ror Output Resistance, VFR+ VFR- 


Vosro | Output Offset, VFR+ to VFR-, 
Differential 
| Cin 100 pF 
Vor: | Max Output Voltage Swing across 


R,, VFR+,.VFR-, single-ended 
connection 


Max Differential Output Voltage 
Swing, VFR+, VFR— 


Differential Output Power, VFR-+, 


15.3 | dBm 
VFR— 
Rors | Output Resistance, SAO 


= 
iam 


Cirs Load Capacitance, SAO 
Rirs Load Resistance, SAO 10 
Vors | Output Voltage Swing SAO 


Vore 


ANALOG INTERFACE, TRANSMIT PRIMARY AND SECONDARY CHANNELS 


ly Input Leakage Current, EBN1, _ ~1.6V<VFX<1.6V 
| EBN2, TG | 


nA 
Rixy ‘Input Resistance, VFX a KQ | —1.6V<VFX<1.6V 


1 Rixo ‘| Input Resistance, EBN1, EBN2, —1,.6V<VFX<1.6V 
TG1 


CMRRg| Common Mode Rejection, SAI, 
SAI2 


TGmax | Max Transmit Gain Adjust 
Vora _| Max Output Voltage Swing TG2_ | +1. 
Cix Load Capacitance, TG2 


“ 


a! algl alg 
NO NO 


a ~ 


Differential SAl conversion 


Vv RAR, 210K0 
Ko 


on 
© 
(o>) 


Rix Load Resistance, TG2 


a I+ 
© 
w | >) 


_ 
o 
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DISTORTION 


Svmbol Parameter | Min Tvn | May | Units Taet Canditiane 


— | SD,, Signal to Distortion, ~ or A-law | | 0 to —30dBm0 
| SD, Sinusoidal input; CCITT G.712 — dB | —30to —40dBm0 


Method 2 Half Channel dB —40 to —45dBm0 


DP, Single Frequency Distortion 
DP, Products In Band (2nd or 3rd 


Harmonic Half Channel) 
intermodulation Distortion, End to 
End Measurement 
intermodulation Distortion, End to 
End Measurement 
Spurious Out of Band Signals, CCITT G.712(6.1) 
End to End Measurement 
Spurious In Band Signals, End to CCITT G.712(9) 
End Measurement 
Transmit Absolute Delay us |OdBm0, 1.02kHz — 
| Includes delay through A/D 
Transmit Differential Envelope f = 500-600 Hz 
Delay; Relative to minimum 95 f = 600-1000 Hz 
envelope delay (1.4kHz) 45 f = 1000-2600 Hz 


f = 2600-2800 Hz 


Receive Absolute Delay 1 7 OdBm0O, 1.02kHz 
Includes delay through D/A 


25 ws 
Receive Differential Envelope 45 ws |f = 500-600 Hz 
Delay; Relative to minimum 35 600-1000 Hz 
envelope delay (300 Hz) 000-2600 Hz 


1 
2600-2800 Hz 
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NOISE (Primary Channel) 


Twin [ Typ | Max [ Units [Test Conditions 


Nyxoy Transmit Noise, C-Message 12 TW cia Transmit Gain ‘inkcmaenincsaliaiaal = 0dB 
Weighted 


Nypy Transmit Noise, —78 WO iced Transmit tnahecioal Adjust = 0dB 
Psophometrically 
Weighted 
Naci Receive Noise, C-Message Pe ne | Gain; Idle Code 
Weighted 
Nap Receive Noise, I nase Unity bce Idle Code 
Psophometrically 
Weighted 
PSRR, | Veco Power Supply Rejection, Idle channel; 200mV P-P 
Transmit Channel signal on supply DC to 
50 KHz; Note 1. 
PSRR, | Veg Power Supply Rejection — 30 Idle Channel; 200mV P-P 
Transmit Channel signal on supply DC to 
50 KHz; Note 1. 


PSRR, | Voc Power Supply Rejection, — 35 Idle channel, 200mV P-P 
Receive Channel signal on supply DC to 
50 KHz; Note 1. 
PSRR, | Veg Power Supply Rejection —30 Idle channel, 200mV P-P 
Receive Channel signal on supply DC to 
50 KHz; Note 1. 


oa 

[Symbol Test Conaitions 

CT+R Crosstalk, Transmit Primary Input = OdBmdO, unity gain 
Voice to Receive Primary 1.02KHZz; idle code on SLD 
Voice voice and data bytes 


CTrr | Crosstalk, Receive Primary OdBm0, 1.02 KHz signal at 
Voice to Transmit Primary SLD receive voice byte; 
Voice VFX = GNDA; secondary 


channels off 


Crosstalk, Transmit SAI = OdBm0, 1.02 KHz; 
Secondary Channels to VFX = GNDA idle code on 
Transmit Primary Voice SLD voice and data bytes 


Crosstalk, Receive Secondary —70 OdBm0O, 1.02 KHz at SLD 
Channel to Receive Primary data byte VFX = SAI = 
Voice GNDA 

NOTES: | 


1. Measured at SLD Voice bytes for transmit channel. Measured at Ven+ for receive channel. 
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TRANSMIT VOICE FREQUENCY CHARACTERISTICS 
TG1 = TG2, Transmit Programmable Gain = 6dB 


Gm 


| Units | Test Conditions 
bed aad 
eaecll 
decal 

f60Hz ssid — ae 
bod 
et 
laces 
ene 
ow 


OdBm0O Signal Input at VFX 


| 
— 
@ 


Ei 


200Hz : 
300 to 3000Hz | ~0.12 
3300Hz 3 


3400Hz 
4000Hz 


1o 3) 


1 | 
oO};oO 
a | 
Oo 


| 
Oo 
—_ 
N) 
ol 


4600Hz and Above 


AGpy | Programmable Gain Accuracy 2720 freq. = 1.02kHz for all 
(Commulative Error) steps 


EXPANDED 
SCALE 


\ 
TYPICAL FILTER « 3300! 
TRANSFER FUNCTION 


a 
2 
n 
x 
= 
q 
< 
< 
9 
o 
we 
he 
2 
be 
< 
a 
w 
ig 
= 
4 
Oo 


“TYPICAL FILTER ° 
TRANSFER FUNCTION 


FREQUENCY (Hz) 


Figure 10. Transmit Voice Frequency Characteristics 
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RECEIVE FOICE FREQUENCY CHARACTERISTICS 
VFR-—, Receive Programmable Gain = 0dB 


GSR = 


Programmable Gain Accuracy 
(Commulative Error 


+2 
+1 
+ 125dB 
ioone “eet 
0 _ 
o - 54B 
= 200Hz 
~ 
x 
= 
- -1 
é 
< 
c3 
< 
oO 
° 
be 
thd 
2 
- bh 
< 0 a 
-J 
wa 
x 
é 
a 4 
oO 
; -10 
-20 
-30 
-40 
-50 


iATC 29C50 and 29C51 


EXPANDED 
SCALE 


-50 
1KHz 10KHz 


FREQUENCY (Hz} 


NOTES , 
1 TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS 


A SEPARATE COMPONENT 


2 TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DAIVEN BY THE SAMPLE AND 
HOLD OUTPUT OF THE INTEL 2910A AND 2911A CODECS THE COMBINED FILTER/CODEC 


RESPONSE MEETS THE STATED SPECIFICATIONS 


Figure 11. Receive Voice Frequency Characteristics 
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A.C. CHARACTERISTICS — TIMING PARAMETERS 


symbo ae we ert Test Conditions _ 
SCL Duty Cycle 28 38: % 2952 CLK Clock = 1.544 or 
45 55 i. 1.536MHz 
2952 CLK CLock = 
2.048MHz 
29C51 Transmitting” 
2952 a 


Oo 
o~ oO 


—o SCL to SDIR Delay 
: 


= SDIR to sip Active . 


Tuze SCL to SLD High Impedence 


Set-up time, signaling inputs 
to SLD Byte #4, Bit 7 


HS Hold time, SLD Byte 4 Bit 7 
for all signaling inputs 


DS Delay SLD Byte 5 to signaling 
outputs 


—_h 
(op) oa i 
olo 
= ono 
+ 
n}t ia 
OlRILO on On 


—s 
© 
io) 


Byte 1, Bit 1 29C51 
Transmitting 


After last SIGX bit 


= 


. TT nn 
” Oo (@) 


= ar oO 
jo) 


g 


—_ 
—_ oO 
Oo 


*In cases where the Tp) is positive, Tp, is to be measured from the SDIR edge. 
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TIMING PARAMETERS (CLK = 1.544 MHz, 33% duty cycle) 


CLK 


tSCL 


trC seh tFC | 
SCL 
tDIRR—~| [+ 


SDIR 


tSD 
tHD tRD,tFO tHZ1 tDD tHZ2 
SLD 


SIGNALING TIMING 


OUTPUTS 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 
2.4 
2.2 22 
SSTEST POINTS 
0.8 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1" and 0.45V FOR A 
LOGIC “0”. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR ALOGIC “1” AND 
0.8V FOR A LOGIC “0”. 
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29C13 AND 29C14 
CHMOS COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


m 29C14 Asynchronous clocks, 8th bit 
signaling, loop back test capability 


= 29C13 Synchronous clocks only, 300 mil 
package 
= Low-Power Pin Compatible Version of |= 3 Low-Power Modes 
intel’s 2913 and 2914 —5 mW Typical Power Down 
= AT&T D3/D4 and CCITT Compatible == SMe Typical Sancny 


—70 mW Typical Operating 
= 28-Pin Plastic Leaded Chip Carrier 


(PLCC) for Higher Integration = Direct Interface with Transformer or 


Electronic Hybrids 
= TTL and CMOS Compatible 


intel’s 29C13 and 29C14 are CHMOS versions of Intel’s HMOS 2913 and 2914 family members. CHMOS is 
a technology built on HMOS-lII, thus realizing the high performance and density obtained in that process while 
achieving the low power consumption typical of CMOS circuits. 


The 29C13 and 29C14 retain all the features of the 2913 and 2914: push/pull power amplifiers, 4/A law pin 


select, on-chip auto zero, sample and hold and precision voltage references, power up clear and tri-state on 
clock interrupt, two timing modes and two power down modes. 


Ves C1 é 24T) Voc 


Ves Lj? 20 [_} Voc pwro+ (J 2 23 [7] Gs, 
PWRO+ [_} 2 19 [_] Gs, PWRO ~ 221 J VFyI- 
Pwro- [J] 3 18 [7] VF, — GS, (]4 21 {J VFyi+ 


GSp (J 4 17 [_] VFy! + PDN (Js 20 {—} GRDA 


7 23 
PR29C14 


Figure 1. Pin Configurations 
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FILTER 


ou 


Dx 


SAMPLE 
AND HOLD 
AND DAC 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


OUTPUT 


TSy/DCLKx 
REGISTER 


a SIGy/ASEL 


ANALOG 
To 


DIGITAL 
CONTROL 
LOGIC 


FS, 


CLKx 


CONTROL 
SECTION 


CLKSEL 
PON 
LOOP 


GSp_ 


FILTER 


SAMPLE 
AND HOLD § 
AND DAC 


REFERENCE 


GRDD GRDA FSR CLK 


Vcc Ves 


Figure 2. Block Diagram 


Table 1. Pin Names 


Ves 
PWRO+, PWRO- 
GS, 


PDN 
CLKSEL 


Power (—5V) 

Power Amplifier Outputs 
Receive Gain Control 
Power Down Select 
Master Clock Frequency 


_ Select 


Analog Loop Back 

Receive Signaling Bit Output 
Receive Variable Data Clock 
Receive PCM Input 

Receive Frame 
Synchronization Clock 
Digital Ground 

Power (+ 5V) 
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Gs, 


NC 
SIG, 


Transmit Gain Control 
ifi VF,I—, VFyl+ Analog Inputs 


GRDA 


Analog Ground 
No Connect 
Transmit Signaling Input 


p- or A-law Select 
Timeslot Strobe/Buffer Enable 
Transmit Variable Data Clock 
Transmit PCM Output 
Transmit Frame 
Synchronization Clock 
Transmit Master Clock 
Receive Master Clock (29C 14 
only, internally connected 

to CLK, on 29C13) 


29C13 and 29C14 


Most negative supply; input voltage is —5 
volts +5%. 


PWRO + Non-inverting output of power amplifier. 


Can drive transformer hybrids or high 
PWRO — 


Vos 
impedance loads directly in either a differ- 


ential or single ended configuration. 
| CLKSEL 


inverting output of power amplifier. Func- 
tionally identical and complementary to 
PWRO +. 


Input to the gain setting network on the 
output power amplifier. Transmission level 
can be adjusted over a 12dB range de- 

pending on the voltage at GS,. 


Power down select. When PDN is TTL 
high, the device is active. When low, the 
device is powered down. 


Input which must be pinstrapped to reflect 
the master clock frequency at CLK,, CLK,. 
CLKSEL = Ves... .-...-.. 2.048 MHz 
CLKSEL = GRDD....... 1.544 MHz 
CLKSEL = Voc. .... . —. . . 1.536 MHz 


Analog loopback. When this pin is TTL 
high, the analog output (PWRO + ) is 
internally connected to the analog input 
(VF,I+), GS, is internally connected to 
PWRO —, and VF,I-— is internally con- 
nected to GS,. A 0dBm0 digital signal in- 
put at D, is returned as a +3dBm0 digital 
signal output at Dy. 


Signaling bit output, receive channel. In 
fixed data rate mode, SIG, outputs the log- 
ical state of the eighth bit of the PCM word | 
in the most recent signaling frame. . 


Selects the fixed or variable data rate 
mode. When DCLK, is connected to Vpz, 
the fixed data rate mode is selected. In 
this mode, the device is fully compatible 
with Intel 2910A and 2911A direct mode 
timing. When DCLK, is not connected to 
Vep, the device operates in the variable 
data rate mode. In this mode DCLK, be- 
comes the receive data clock which oper- 
ates at TTL levels from 64Kb to 2.048 Mb 
data rates. 


Receive PCM input. PCM data is clocked 
in on this lead on eight consecutive nega- 
tive transitions of the receive data clock; 
CLK, in the fixed data rate mode and 
DCLK, in variable data rate mode. 


8KHz frame synchronization clock input/ 
timeslot enable, receive channel. A multi- 
function input which in fixed data rate 
mode distinguishes between signaling and 
non-signaling frames by means of a dou- 
bie or single wide pulse respectively. In 
variable data rate mode this signal must 
remain high for the entire length of the 
timeslot. The receive channel enters the 
standby state whenever FS, is TTL low for 
| 300 milliseconds. oe 
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Table 2. Pin Description | 


Receive master and data clock for the 
fixed data rate mode; receive master clock 
only in variable data rate mode. 


Transmit master and data clock for the 
fixed data rate mode; transmit master 
Clock only in variable data rate mode. 


8 KHz frame synchronization clock input/ 
timeslot enable, transmit channel. Oper- 
ates independently but in an analogous 
manner to FS,. 


The transmit channel enters:the standby 
State whenever FS, is TTL low for 300 mil- 
liseconds. 


Transmit PCM output. PCM data is clocked 
out on this lead on eight consecutive posi- 
tive transitions of the transmit data clock: 
CLK, in fixed data rate mode and DCLK, 
in variable data rate mode. 


TS,/DCLK, | Transmit channel timeslot strobe (output) - 
or data clock (input) for the transmit chan- 
nel. In fixed data rate mode, this pin is an 
Open drain output designed to be used as 
an enable signal for a three-state buffer as 
in 2910A and 2911A direct mode timing. In 
variable data rate mode, this pin becomes 
the transmit data clock which operates at 
TTL levels from 64Kb to 2.048 Mb data 
rates. 


SIG,/ASEL | A dual purpose pin. When connected to © 
Vez, A-law operation is selected. When it is 
not connected to Vp, this pin is a TTL level 
input for signaling operation. This input is 
transmitted as the eighth bit of the PCM 
word during signaling frames on the D, 
lead. If not used as an input pin, ASEL 
should be strapped to either V,, or GRDD. 


NC [Noconnect 
GRDA Analog ground return for all internal voice 
circuits. Not internally connected to GRDD. 

Non-inverting analog input to uncommitted 
transmit operational amplifier. 
Inverting analog input to uncommitted 
transmit operational amplifier. 

GS, Output terminal of transmit input channel 


op amp. Internally, this is the voice signal 
input to the transmit filter. 


Voc Most positive supply; input voltage is +5 
volts +5%. 


VF, I+ 
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FUNCTIONAL DESCRIPTION 


The 2913 and 2914 provide the analog-to-digital and 
the digital-to-analog conversions and the transmit and 
receive filtering necessary to interface a full duplex 
(4 wires) voice telephone circuit with the PCM high- 
ways of a time division multiplexed (TDM) system. 
They are intended to be used at the analog termi- 
nation of a PCM line or trunk. 


The following major functions are provided: 


@ Bandpass filtering of the analog signals prior to 
encoding and after decoding 


e@ Encoding and decoding of voice and call prog- 
ress information 


e Encoding and decoding of the signaling and su- 
pervision information 


SWITCHING 


TELEPHONE SET 


TRANSMISSION 
HIGHWAYS 


 BABX 1C.0. SWITCHING SYSTEM 


CONTROL HIGHWAYS 


OFF-HOOK/ROTARY DIAL PULSES 


SUPERVISION 
PROTECTION 


BATTERY 
FEED 


RINGING 
RING CONTROL 


FUNCTIONAL BLOCK DIAGRAM OF A LINE 
CIRCUIT WITH SEPARATE SIGNALING/ 
CONTROL HIGHWAYS 


TELEPHONE SET 


— 
PABX/C.O. SWITCHING SYSTEM 


OFF-HOOK/ROTARY DIAL PULSES 


BATTERY 
FEED 


RINGING 
RING CONTROL 
PCM HIGHWAYS 


FUNCTIONAL BLOCK DIAGRAM OF A LINE 
CIRCUIT WITH BORROWED 8th BIT 
SIGNALING 


CHANNEL BANKS 


TO DISTANT 
naib a OFFICE 


CHANNEL UNIT 


SIGNALING 
CIRCUITS 


SIGNALING 
SIGNALING LEADS 


LEADS 


TO LOCAL 
CENTRAL 
OFFICE 


TO LOCAL 
CENTRAL 
OFFICE 


SIGNALING 
STROBES 


A TYPICAL CCITT CHANNEL UNIT 


Figure 3. Typical Li 
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SIGNALING 
CIRCUITS 


A TYPICAL 4-WIRE CHANNEL UNIT WITH 
SIGNALING USING BORROWED 8th BIT 


ne Terminations 
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GENERAL OPERATION the device, are enabled in these modes. As shown 
| . in Table 3, the digital outputs on the appropriate chan- 
System Reliability Features nels are placed in a high impedance state until the 


| device returns to the active mode. 
The combochip can be powered up by pulsing FS, 


and/or FS, while a TTL high voltage is applied to The Power Down mode utilizes an external control 
PDN, provided that all clocks and supplies are con- signal to the PDN pin. In this mode, power con- 
nected. The 29C13 and 29C14 have internal resets sumption is reduced to the value shown in Table 3. 
on power up (or when Vzpz or Vo are re-applied) in The device is active when the signal is high and in- 
order to ensure validity of the digital outputs and active when it is low. In the absence of any signal, 
thereby maintain integrity of the PCM highway. the PDN pin floats to TTL high allowing the device to 


_ remain active continuously. 
On the transmit channel, digital outputs D, and TS, | 
are held in a high impedance state for approximately The Standby mode leaves the user an option of pow- 


four frames (500s) after power up or application of ering either channel down separately or powering the 
Veg OF Voc. After this delay, Dx, TSy, and signaling entire device down by selectively removing FS, and/ 
will be functional and will occur in the proper timeslot. or FS,. With both channels in the standby state, 
The analog circuits on the transmit side require ap- ‘power consumption is reduced to the value shown in 
proximately 60 milliseconds to reach their equilibrium Table 3. if transmit only operation is desired, FS, 
value due to the autozero circuit settling time. Thus, should be applied to the device while FS, is held low. 
valid digital information, such as for on/off hook de- Similarly, if receive only operation is desired, FS, 
tection, is available almost immediately, while analog should be applied while FS, is held low. 


information is available after some delay. 
Fixed Data Rate Mode 
On the receive channel, the digital output SIG; is also 


held low for a maximum of four frames after power Fixed data rate timing, which is 2910A and 2911A 
up or application of Vgp or Voc. SIG will remain low compatible, is selected by connecting DCLK, to Vag. 
thereafter until it is updated by a signaling frame. It employs master clocks CLK, and CLKa, frame syn- 


__ chronization clocks FS, and FS,, and output TS,. 
To further enhance system reliability, TS, and Dy, will 


be placed in a high impedance state approximately CLK, and CLK, serve both as master clocks to op- 
30us after an interruption of CLK,. Similarly, SIG, erate the codec and filter sections and bit clocks to 
will be held low approximately 30us after an inter- clock the data in and out from the PCM highway. FS, 
ruption of CLK,. These interruptions could poseloly and FS, are 8 kHz inputs which set the sampling 
occur with some kind of fault condition. frequency and distinguish between signaling and. 
non-signaling frames by their pulse width. A frame 
Power Down and Standby Modes synchronization pulse which is one master clock wide 
| designates a non-signaling frame, while a double 
To minimize power consumption, two power down wide sync pulse enables the signaling function. TS, 
modes are provided in which most 29C13/C14 func- is a timeslot strobe/buffer enable output which gates 
tions are disabled. Only the power down, clock, and = the PCM word onto the PCM highway when an ex- 
frame sync buffers, which are required to power up ternal buffer is used to drive the line. 


Table 3. Power-Down Methods 


Typical | 
Power | 
Consumption 


Power-Down 


Device Status 
Method 


Digital Output Status 


| an | TS, and Dy are placed in a high impedance 
PDN = TTL tow mW state and SiGe is placed in a TTL low state 
| | within 10 us 
| TS, and Dy are placed in a high impedance 
Standby Mode FSx and FSp are TTL low 8 mW | state and SiGe is placed in a TTL low state 
, . 300 milliseconds after FSx and FSp are 
removed. 


TS and Dy are placed in a high impedance 
state within 300 milliseconds. 


| 50 mW SiGpr is placed in a TTL low state within | 
6 | 300 milliseconds. 


Only transmit is 
on standby 


FS, is TTL low 


Only receive is 
on standby 


FSp is TTL low 


i 
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Data is transmitted on the highway at D, on the first 
eight positive transitions of CLK, following the rising 
edge of FS,. Similarly, on the receive side, data is 
received on the first eight falling edges of CLK,. The 
frequency of CLK, and CLK, is selected by the 
CLKSEL pin to be either 1.536, 1.544, or 2.048 MHz. 
No other frequency of operation is allowed in the fixed 
data rate mode. 


Variable Data Rate Mode 


Variable data rate timing is selected by connecting 
DCLK,, to the bit clock for the receive PCM highway 
rather than to Vgp. It employs master clocks CLK, 
and CLKg, bit clocks DCLK, and DCLK,, and frame 
synchronization clocks FS, and FS,. 


Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequency 
of the bit clocks, which_can be asynchronous in the 
case of the 29C14, synchronous in the case of the 
29013, from 64 kHz to 2.048 MHz. Master clocks 
inputs are still restricted to 1.536, 1.544, or 2.048 
MHz. 


In this mode, DCLK, and DCLK, become the data 
clocks for the receive and transmit PCM highways. 
While FS, is high, PCM data from Dy is transmitted 
onto the highway on the next eight consecutive pos- 
itive transitions of DCLKy. Similarly, while FS, is high, 
each PCM bit from the highway is received by D, on 
the next eight consecutive negative transitions of 
DCLKaz. 


On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 125s frame as long 


CLKx 1 


192/193/256 


OTHER 


— _ OTHER ___ 192/193/256 TS 
TS1x | : TIMESLOTS | \ | : 
sLSeLi7LIs 1LJoLIslta 
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as DCLK, is pulsed and FS, is held high. This feature 
allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, and is 
only available in the variable data rate mode. Con- 
versely, signaling is only allowed in the fixed data rate 
mode since the variable mode provides no means 
with which to specify a signaling frame. 


Signaling 


Signaling can only be performed with the 24-pin de- 
vice in the fixed data rate timing mode (DCLK, 
Vaz). Signaling frames on the transmit and receive 
sides are independent of one another and are se- 
lected by a double-width frame sync pulse on the 
appropriate channel. ‘During a transmit signaling 
frame, the codec will encode the incoming analog 
signal and substitute the signal present on SIG, for 
the least significant bit of the encoded PCM word. 
Similarly, in a receive signaling frame, the codec will 
decode the seven most significant bits according to 
CCITT recommendation G.733 and output the logical 
state of the LSB on the SIG, lead until it is updated 
in the next signaling frame. Timing relationships for 
signaling operation are shown in Figure 4. 


Asynchronous Operation 


The 29C14 can be operated with asynchronous 
clocks in either the fixed or variable data rate modes. 
In order to avoid crosstalk problems associated with 
special interrupt circuitry, the design of the Intel 
29C13/C14 combochip includes separate digital-to- 
analog converters and voltage references on the 
transmit and receive sides to allow independent op- 
eration of the two channels. 


aa 


5 6LI7LI8 
XMIT SIGNAL FRAME 


192/193/256 
|/+}— TimesLots ———>| . SS 
i iLJeLBLUEaLye_i¢Ly7_Lfs 
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iN ‘ 
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Figure 4. Signaling Timing (Used Only with Fixed Data Rate Mode) 
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In either timing mode, the master clock, data clock, 
_and timeslot strobe must be synchronized at the be- 
ginning of each frame. CLK, and DCLK, are syn- 
chronized once per frame but may be of different 
frequencies. The receive channel operates in a sim- 
ilar manner and is completely independent of the 
transmit timing (refer to Variable Data Rate Timing 
Diagrams). This approach requires the provision of 
two separate master clocks, even in variable data rate 
mode, but avoids the use of a synchronizer which can 
cause intermittent data conversion errors. 


Analog Loopback 


A distinctive feature of the 29C14 is its analog loop- 
back capability. This feature allows the user to send 


a control signal which internally connects the analog © 


input and output ports. As shown in Figure 5, when 
LOOP is TTL high the analog output (PWRO +) is 
internally connected to the analog input (VF,!+), GS, 
is internally connected to PWRO-, and VF,I-— is 
internally connected to GS. 


With this feature, the user can test the line circuit 
remotely by comparing the digital codes sent into the 


receive channel (D,) with those generated on the ~ 


transmit channel (D,). Due to the difference in trans- 
mission levels between the transmit and receive 
sides, a 0 dBm0 code sent into Dz, will emerge from 
D, as a +3dBm0 code, an implicit gain of 3 dB. Thus, 
the maximum signal input level which can be tested 
using analog loopback is 0 dBm0. 


Precision Voitage References 
No external components are required with the com- 


bochip to provide the voltage reference function. Volit- 
age references are generated on-chip and are cali- 


TRANSMIT 
VOICE 


brated during the manufacturing process. These 
references determine the gain and dynamic range 
characteristics of the device. 


Separate references are supplied to the transmit and 
receive sections and each is trimmed independently 
during the manufacturing process. The reference 
value is then further trimmed in the gain setting op- 
amps to a final precision value. With this method the 
combochip can achieve the extremely accurate Dig- 
ital Milliwatt Responses specified in the TRANSMIS- 
SION PARAMETERS, providing the user a significant 
margin for error in other board components. 


Conversion Laws 


The 29C13 and 29C14 are designed to operate in 
both yu-law and A-law systems. The user can select 
either conversion law according to the voltage present 
on the SIG,/ASEL pin. In each case the coder and 
decoder process a companded 8-bit PCM word fol- 
lowing CCITT recommendation G.711 for u-law and 
A-law conversion. If A-law operation is desired, SIG, 
should be tied to Va,. Thus, signaling is not allowed 
during A-law operation. If «4 = 255-law operation is 
selected, then SIG, is a TTL level input which mod- 
ifies the LSB of the PCM output in signaling frames. 


TRANSMIT OPERATION 
Transmit Filter | 


The input section provides gain adjustment in the 
passband by means of an on-chip uncommitted op- 
erational amplifier. This operational amplifier has a 
common mode range of +2.17 volts, a DC offset of 
25 mV, and a typical voltage gain of 20,000. Gain of 


DIGITIZED 
PCM 


COMBOCHIP ANALOG LOOP BACK FUNCTION 


Figure 5. Simplified Block Diagram of 29C14 Combochip in the Analog Loopback Configuration 
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up to 20 dB can be set without degrading the per- 
formance of the filter. The load impedance to ground 
(GRDA) at the amplifier output (GS,) must be greater 
than 10 kilohms in parallel with less than 50 pF. The 
input signal on lead VF,I+ can be either AC or DC 
coupled. The input op amp can also be used in the 
inverting mode or differential amplifier mode (See Fig- 
ure 6). 


A low pass anti-aliasing section is included on-chip. 


This section typically provides 35 dB attenuation at 
the sampling frequency. No external components are 
required to provide the necessary anti-aliasing func- 
tion for the switched capacitor section of the transmit 
filter. 


The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and CCITT 
recommendation G.712. The 29C13 and 29C14 
specifications meet or exceed digital class 5 central 
office switching systems requirements. The transmit 
filter transfer characteristics and specifications will be 
within the limits shown in Figure 8. 


A high pass section configuration was chosen to re- 
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre- 
quencies and their harmonics, and other low fre- 
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex- 
ternal components. 


Encoding 


The encoder internally samples the output of the 


_ Figure 6. Transmit Filter Gain Adjustment 


transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per- 
forms an analog to digital conversion on a switched 
Capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 


An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 


RECEIVE OPERATION 
Decoding 


The PCM word at the D, lead is serially fetched on 
the first eight data clock bits of the frame. A D/A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then trans- 
ferred to the receive filter. 


Receive Filter 


The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D3/D4 
specification and CCITT recommendation G.712. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive fil- 
ter characteristics and specifications are shown in 
Figure 9. 


Receive Output Power Amplifiers 


A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. 
Either of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a bridged 
load directly. The output stage is capable of driving 
loads as low as 300 ohms single ended or 600 ohms 
differentially. 


The receive channel transmission level may be ad- 
justed between specified limits by manipulation of the 
GS, input. GS, is internally connected to an analog 
gain setting network. When GS, is strapped to 
PWRO -, the receive level is unattenuated; when it 
is tied to PWRO+, the level is attenuated by 12 dB. 
The output transmission level interpolates between 0 
and —12 dB as GS, is interpolated (with a poten- 
tiometer) between PWRO+ and PWRO-. The use 
of the output gain set is illustrated in Figure 7. 


Transmission levels are specified relative to the re- 
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Table 4. Zero Transmission Level Points 


OTLP1, | Zero Transmission Level Point {| +2.76 | dBm Referenced to 6000 
Transmit Channel (OdBm0) p-law + 1.00 dBm | Referenced to 9000 
OTLP2, | Zero Transmission Level Point +2.79 | dBm Referenced to 6009. 
Transmit Channel (0dBm0) A-law +1.03 | dBm Referenced to 90020 
OTLP1, | Zero Transmission Level Point +5.76 | dBm | Referenced to 6000 
Receive Channel (OdBm0) p-law + 4.00 dBm Referenced to 9000 


_ | OTLP2, | Zero Transmission Level Point +5.79 | dBm | Referenced to 6000 
| Receive Channel (OdBm0) A-law +4.03 | dBm 


Referenced to 9000 


ceive channel output under digital milliwatt conditions, A is the gain of the power amplifiers, 
that is, when the digital input at Dp, is the eight-code 
sequence specified in CCITT recommendation G.711. 1 + (R,/Ro) 

where A = 4+ (R,/R,) 
OUTPUT GAIN SET: DESIGN ee 
CONSIDERATIONS 


For design purposes, a useful form is R,/R, as a 


(Refer to Figure 7.) function of A. 


PWRO+ and PWRO— are low impedance comple- => RR, = ee! 

mentary outputs. The voltages at the nodes are: —A 
Vo+ at PWRO+ | (Allowable values for A are those which make R,/R, 
Vo-— at PWRO- | positive.) | 7 
Vo = (Vo+). — (Vo—)(total differential response) Examples are: 


, If A=1 (maximum output), then 
R, and R, are a gain setting resistor network with the 


center tap connected to the GS, input. _ R,/R.=~ or V(GS,)=Vo-; i.e., GS, is tied to 
PWRO — © | 

A value greater than 10K ohms for R, +R, and less | 

than 100K ohms for R, in parallel with R, is recom- lf A = %. then 

mended because: 

(a) The parallel combination of R; +R, and R, sets R,/Ro=2 
the total loading. 

(b) The total capacitance at the GS, input and the lf A= %, (minimum output) then | 

_ parallel combination of R, and R, define a time . a 

constant which has to be minimized to avoid in- R,/R2=0 or V(GS,)=Vo+; ie., GSp, is tied to 
accuracies. | PWRO + 


DIGITAL INPUT 


Figure 7. Gain Setting Configuration 
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ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias — 10°C to +80°C 
Storage Temperature —65°C to + 150°C 


Voc and GRDD with Respect to Vag... . . —0.3V to 15V 
All Input and Output Voltages 

with Respect to Va,............ —0.3V to 15V 
All Input and Output Voltages 

with Respect to Veg... 2. — 15V to +0.3V 
Power Dissipation... ............00. 1.35W 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc 


— 


ADVANCE INFORMATION 


"NOTICE: Stresses above those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


+5V +5%, Veg = -5V +5%, GRDA = OV, GRDD = OV, unless otherwise specified) 


Typical values are for T, = 25°C and nominal power supply values 


DIGITAL INTERFACE 
| 


Symbo 
liv 
by 
Input Low Voltage, except CLKSEL _ 
Vin 3 
L 
Von 
Cox 
Cin 


Parameter 


Low Level Input Current 


High Level Input Current 


2.0 


= Input High Voltage, except CLKSEL 


Output Low Voltage 


Output High Voltage | 
Input Low Voltage, CLKSEL? | 


Input intermediate Voltage, CLKSEL 


Vo | | 


| Digital Input Capacitance 


Input High Voltage, CLKSEL 


Digital Output Capacitance? 


POWER DISSIPATION 


NOTES: 


1. Vin is the voltage on any digital pin. 


ne) 


24 |_ 
Ves 


<a 
Of 1oO 
n oO 


-_ 
=) 


WA GRDD SX Vin X Vic (Note 1) 


> 


=) 


Eg yer = 
i © 
.| = << 


BSN 


= 3.2 mAat Dy, TS, and SIG 


80 vA at D,, SIG, 
1.2 mA at SIG, 


© 


ee 
{On 
in® 


nn 


< 
Q 
fe) 


ue) 
7 


no} 
"NI 


mA 


| PDN < V,: after 10us 
PDN < Vi; after 10us — 


2. SIG, and DCLKg are TTL level inputs between GRDD and Vcc; they are also pinstraps for mode selection when tied to Vag. 
Under these conditions V9 is the input low voltage requirement. 

3. Timing parameters are guaranteed based on a 100 pf load capacitance. Up to eight digital outputs may be connected to a com- 
mon PCM highway without buffering, assuming a board capacitance of 60 pf. 


4. With nominal power supply values. 
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Test Conditions 
~2.17V < Vy < 2.17V 
input Resistance, VF,I+, VFy!— eee 


ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 


| CMRR_ | Common Mode Rejection, VFyI+, VF,I— —2.17 < Vy S 2.17V 


Test Conditions 


.Single-Ended Output DC Offset, PWRO+, at Relative to GRDA 
PWRO — | = | 


A.C. CHARACTERISTICS — TRANSMISSION PARAMETERS 


Unless otherwise noted, the analog input is a0 dBm0, 1020 Hz sine wave.' Input amplifier is set for unity gain, 
noninverting. The digital input is a PCM bit stream generated by passing a 0 dBm0, 1020 Hz sine wave through 
an ideal encoder. Receive output is measured single ended, maximum gain configuration.? All output levels 
are (sin x)/x corrected. 


GAIN AND DYNAMIC RANGE 


EmW_ | Encoder Milliwatt Response . —0.18 | +0.04 | +0.18 | dBm0O | Signal input of 1.064 Vrms p-law 
| (Transmit gain tolerance) Signal input of 1.068 Vrms A-law 
T, = 25°C, Veg = —S5V, 
Voc = +5V 


EmW,, | EmW variation with Temperature —0.07 ; +0.02 | +0.12 | dB +5% supplies, 0 to 70°C 
and supplies | Relative to nominal conditions 


DmW _| Digital Milliwatt Response —0.18 | +0.04 | +0.18 | dBmO | Measure relative to OTLP,. Signal 
(Receive gain tolerance) input per CCITT Recommendation 
G.711. Output signal of 1000 Hz. 
T, = 25°C; Vag = —5V, 
Voc = +5V. 


DmW variation with temperature and] —0.07 +5% supplies, 0 to 70°C 
supplies 


NOTES: . 

1. 0dBm0 is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal input of 1.064 volts rms 
or an output of 1.503 volts rms for ywlaw. 

2. Unity gain input amplifier: GS, is connected to VFxI—, Signal input VFxI+; Maximum gain output amplifier; GSp is connected to PWRO-, 
output to PWRO+. 
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GAIN TRACKING 
Reference Level = —10dBm0 


[Symbol] Parameter ——*(|_‘Win_| ‘Max 


Transmit Gain Tracking Error 
Sinusoidal Input; u-law 


Test Conditions 


+3 to —40 dBm0 
—40 to —50 dBm0 
—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 


+3 to —40 dBmo 
—40 to —50 dBm0 
—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 


+3 to —40 dBm0 
—40 to —50 dBm0 
—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000, 


+3 to —40 dBm0 
—40 to —50 dBm0 
—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 


| Unit 
dB 


dB 
dB 


Transmit Gain Tracking Error 
Sinusoidal Input; A-law 


Receive Gain Tracking Error 
Sinusoidal Input; -law 


Receive Gain Tracking Error 
Sinusoidal Input; A-law 


NOISE (All receive channel measurements are single ended 


[Parameter sMin | Typ 
Transmit Noise, C-Message 
Weighted 
Nyxco Transmit Noise, C-Message 
Weighted with Eighth Bit Signaling 
Transmit Noise, Psophometrically 
Weighted 


~—— 


| Unit Test Conditions 


5 VF,I+ = GRDA, VF,I- = GS, 
dBrncd | VE,l+ = GRDA, VF,I- = GS,; 
6th frame signaling 
—75 | dBmOp | VF,I+ = GRDA, VF,I— = GS, 
dBrnc0 | Da = 11111111 
2 | dBrncd Input to Dp is zero code with sign 
bit toggle at 1 kHz rate 
= —7 dBm0p | Dz, = lowest positive decode level 
dBm0 | CCITT G.712.4.2 
Measure at PWRO + 
Idle channel; 200mV P-P signal on 
supply; 0 to 50kHz, measure at D, 


Idle channel; 200 mV P-P signal on | 
supply; 0 to 50 kHz, measure at D, 
i Idle channel; 200 mV P-P signal on 


supply; measure narrow band at 
PWRO +, 0 to 50 kHz 

VF,| + = OdBm0, 1.02 kHz, D, = 
lowest positive decode level, 
measure at PWRO + 


Nxe1 


a 


Nec Receive Noise, C-Message _ 
Weighted: Quiet Code 
Receive Noise, C-Message 
Weighted: Sign bit toggle 
Receive Noise, Psophometrically 
Weighted 


Nop Single Frequency Noise 
End to End Measurement 


Voc Power Supply Rejection, 
Transmit Channel 


Vap Power Supply Rejection, 
Transmit Channel 


me 


lies 
ia 

Crosstalk, Transmit to Receive se -71 
ta asa AB 
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Voc Power Supply Rejection, 
Receive Channel 


PSRR, | Va_ Power Supply Rejection, 
Receive Channel 


supply; measure narrow band at 
PWRO +, 0 to 50 kHz 


2] 
© 
i) 


—h. —k wad. 
<o} 


Idle channel; 200 mV P-P signal on 
DR = OdBm0O, 1.02 kHz, 
VF,|+ = GRDA, measure at D, | 


a8 
, ae 
Pe) 
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DISTORTION | 
Symbol] Parameter 


| Transmit Signal to Distortion, u-Law 
Sinusoidal Input; 
| CCITT G.712-Method 2 


| Transmit Signal to Distortion, A-Law 
Sinusoidal input; 
CCITT G.712-Method 2 


Receive Signal to Distortion, p-Law 
Sinusoidal Input; CCITT G.712-Method 
2 


—30 dBm0 
~40 dBm0 
— 45 dBm0 


—30 dBm0 
- 40 dBm0 
—45 dBm0 


—30 dBm0 
— 40 dBm0 
— 45 dBm0 


Receive Signal to Distortion, A-Law 
Sinusoidal Input; CCITT G.712-Method 
2 


| | —30 dBmo 
—40 dBm0 
— 45 dBm0 


aaa | Spurious Out of Band Signals, 


End to End Measurement - 


CCITT G.712 (6.1) 
CCITT G. 712 (9) | | 


Fixed Data Rate. CLK, = 2.048 
| MHz; 0 dBm0, 1.02 
kHz signal at VFy/+. 
Measure at Dx. 


| f = 500 — 600 Hz 
= 600 — 1000 Hz 

f = 1000 — 2600 Hz 

| f = 2600 — 2800 Hz 


| Fixed Data Rate, CLK, = 2.048 
MHz; Digital input is DMW 
codes. Measure at PWRO+. 


| f = 500 — 600 Hz 

| f = 600 — 1000 Hz 
1000 — 2600 Hz 
2600 — 2800 Hz 


| Spurious in Band Signals, 
| End to End Measurement 


| Transmit Differential Envelope Delay 
Relative to Dax 


| Dar Receive Absolute Delay 
Receive Differential Envelope Delay 7” 
| Relative to Dar 


f= 
f= 
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TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain, noninverting; maximum gain output. 


Parameter ‘Ma: Test Conditions 
Gain Relative to Gain at 1.02 kHz 0 dBm0 Signal input at VF x! + 
16.67 Hz 


3400 Hz 
4000 Hz 
4600 Hz and Above 


-.125dB EXPANDED 
300042 SCALE 
TYPICAL FILTER * 3300Hz 
TRANSFER FUNCTION -.35d8 


* W00Hz 
-.70dB 


GAIN RELATIVE TO GAIN AT IkHz (dB) 


“——_ TYPICAL FILTER 
TRANSFER FUNCTION 


FREQUENCY (Hz) 


Figure 8. Transmit Channel 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 


Symbol] _ Parameter {| Min | Typ | Max [| Unit | TestConditions 
[an [erate comet caries [Y—_[__oao se rewt 
i RE aA Mae TC SANIT 

1, AN Ce aE Ao eR 

eo 
es eae 


+.125dB 
300 


EXPANDED 
200Hz SCALE 


-. 5dB 
200Hz 


GAIN RELATIVE TO GAIN AT 1kHz (dB) 


1KHz 


FREQUENCY (Hz) 


Figure 9. Receive Channel 
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A.C. CHARACTERISTICS — TIMING PARAMETERS 
CLOCK SECTION 


[Symbol] Parameter + ‘Min 

toe Clock Pulse Width, CLK,, CLK, 
eet on ee [a 
tone Clock Duty Cycle, CLK,, CLK, 45 


t, Clock Rise and Fall Time 


Typ 


Test Conditions 
| ons | foukx = forkr = 2.048 MHz 
| ns | 64 kHz < foci, < 2.048 MHz 


ao ;o 


LoS 


<= 


TRANSMIT SECTION, FIXED DATA RATE MODE! 


[xe [Data Enabled on TS Entry 
Fx [Data Foaton TS Ext 
soy | Timeslot Xio Enable 
Timeslot X to Disable 

ss [Signal Setup Time 
[igs [Signal Hold Time 


RECEIVE SECTION, FIXED DATA RATE MODE 


| Symbol | Parameter | Min 
aes | Receive Data Setup 
Tn [Receive Data Hold 


| 60 
[so [Frame Sync Delay «|; =100_ 
[ison [SiG,Update——SSC«=C Cid 
NOTES: 


1. Timing parameters tpzx, tuzx, aNd tsorr are referenced to a high impedance state. 


Typ 


Croan = 0 


nit [Test Gonations 
Ce [TT 
re [ 
ce 
SaaS: 
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WAVEFORMS 
Fixed Data Rate Timing 


TRANSMIT TIMING 


TIMESLOT 


NON-SIGNALING 
FRAMES 


FSx 
SIGNALING 
FRAMES 


TIMESLOT 


DON’T CARE 


NOTE: ALL TIMING PARAMETERS REFERENCED TO Viy AND Wi EXCEPT 
tOZx. tSOFF AND tHzx WHICH REFERENCE A HIGH IMPEDANCE STATE 


RECEIVE TIMING 


FSR 
NON-SIGNALING 
FRAMES 


FSp 
SIGNALING 
FRAMES 


TIMESLOT 


5 6 
tosr toHR tsicr 


LIKE RLS XR XR RE RRO XR XK 


re 


VALID 


NOTE: ALL TIMING PARAMETERS REFERENCED TO Viyq AND Vi 
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TRANSMIT SECTION, VARIABLE DATA RATE MODE! 


Parameter Ty 
tesp Frame Sync Delay 100 


Timeslot to D, Active 


Test Conditions 


tox ce 1 40 ns 
tey i 1 00 
0 


ns 
ns 0 < Croan < 100 pf 
0 < Croan < 100 pf 
0 < Croan < 100 pf 


ns 


Timeslot to D, Inactive 
Data Clock Period 
torsx Data Delay from FS, 


toorr ns 


1562 
4 


ns 


- 
oO 
& 
o 
foe) 
=) 


— 


on{| = 
CO1Sd 


oO 


ECEIVE SECTION, VARIABLE DATA RATE MODE 
Parameter 


a 


< 

a] 
= 
® 
4 


Test Conditions 
trson Timeslot Delay from DCLK,3 
tesp Frame Sync Delay 

Data Setup Time 

Data Hold Time 
. 


Timeslot End Receive Time 


a> f}j3}; 5 
nOyn 1M 


1562 


= —_ —_ <= 
fee) (op) S Be —_s 
ee) O};}o; 3 


64 KB OPERATION, VARIABLE DATA RATE MODE 
Symbol Parameter Min Typ 


tesix Transmit Frame Sync Minimum 488 
Downtime 


tes.n | Receive Frame Sync Minimum 1952 
Downtime 


Data Clock Pulse Width 


Test Conditions 


Fo 
a] 
: 


Unit 


ns FS, is TTL high for remainder of 
frame 


ns __| FS, is TTL high for remainder of 
frame 


— 
Oo 
: E 
ny 


took 


NOTES: 

1. Timing parameters tpon and toorr are referenced to a high impedance state. 

2. tes_x Minimum requirements overrides trgpx Maximum spec for 64 kHz operation. 
3. testR Minimum requirements overrides trgpna Maximum spec for 64 kHz operation. 
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VARIABLE DATA RATE TIMING 


TRANSMIT TIMING 


CLK, 


toon —> +||= _ < toox —P <«— tpoorr 
<— torsx 
i) BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT: 7 BIT 8 


RECEIVE TIMING 


Da DON’T CARE 


NOTE: a edie PARAMETERS REFERENCED TO V,,, AND V,, EXCEPT 
ny AND toss WHICH REFERENCE A HIGH IMPEDANCE STATE 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.4 
2.0 2.0 
S>test POINTS” 
0.8 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” and 0.45V FOR A 
LOGIC “0”. TIMING ee ARE MADE AT 2.0V FOR ALOGIC “1” AND 
0.8V FOR A LOGIC 
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29C16 AND 29C17 
16 PIN CHMOS SINGLE-CHIP PCM CODEC AND FILTER 


= 29C16 p-Law, 2.048 MHz Master Clock 
@ 29C17 A-Law, 2.048 MHz Master Clock 


= Low-Power Pin Compatible Version of = 3 Low-Power Modes 
Intel’s 2916 and 2917 — 5mW Typical Power Down 
— 8mW Typical Standby 
= AT&T D3/D4 and CCITT Compatible | — 7OmW Typical Operating 
= 16-Pin Package for Higher Linecard = TTL and CMOS Compatible 
Densities 
| # Two Timing Modes 
= Ideal for Digital Handset Applications — 64 KHz to 2 MHz Variable 
— 2 MHz Direct 


Intel’s 29C16 and 29C17 are CHMOS versions of Intel's NMOS 2916 and 2917 family members. CHMOS is 
a technology built on HMOS-Ii, thus realizing the high performance and eenslty obtained in that process while 
achieving the low power consumption typical of CMOS circuits. 


The 29C16 and 29C17 are limited feature versions of the 29C13 and 29C14. The inherent low-power and small 
package size make these devices ideal for digital handset and cellular telephones where small size and low 
power are especially desirable. 


Vec 

GS x 

VFyI - 
GRDA 
TSy/DCLKy 
Dx 

FSy 


CLK 


Figure 1. Pin Configuration 
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REFERENCE 


ACV 
SECTION 


GAIN 
SET 


Ves 
PWRO +, PWRO — 
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FILTER 
SAMPLE 
| AND HOLD 


COMPARATOR 
AND DAC | 


ANALOG 
TO 
DIGITAL 


CONTROL | 
LOGIC 


APPROXIMATION 


Dx 


SUCCESSIVE ouTPUT 


REGISTER 


TSy/DCLKx 
REGISTER 


PAP PUPP RIP SOD Na ADDRES SOPOT OTROS 


FILTER 


BUFFER 


REFERENCE 


Ves 


SAMPLE 
AND HOLD 


AND DAC 


Voc GRDD GRDA | 


Figure 2. Block Diagram 


Table 1. Pin Names | 


Power ( — 5V) GS, 
Power Amplifier Outputs VFyl — 
Power Down Select GRDA 
Receive Variable Data Clock TS, 
Receive PCM Input DCLK, 
Receive Frame Dy 
Synchronization Clock FS, 
Digital Ground | 

Power (+ 5V) CLK 
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CONTROL 
SECTION 


CONTROL a 
LOGIC 


INPUT 
REGISTER 


DIGITAL 
TO 


ANALOG 
CONTROL 
LOGIC 


Transmit Gain Contro! 
Analog Input 
Analog Ground 
Timeslot Strobe/Buffer Enable 
Transmit Variable Data Clock 
Transmit PCM Output 

— Transmit Frame 

- Synchronization Clock 
Master Clock 
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Table 2. Pin Description 


Most negative supply; input voltage is —5 
volts + 5%. 


Non-inverting output of power amplifier. 
Can drive transformer hybrids or high 

impedance loads directly in either a differ- 
ential or single ended configuration. 


Inverting output of power amplifier. Func- 
tionally identical and complementary to 
PWRO +. 


Power down select. When PDN is TTL 
high, the device is active. When low, the 
device is powered down. 


Selects the fixed or variable data rate 
mode. When DCLK, is connected to Vpp, 
the fixed data rate mode is selected. In 
this mode, the device is fully compatible 
with Intel 2910A and 2911A direct mode 
timing. When DCLK, is not connected to 
Vpp, the device operates in the variable 
data rate mode. In this mode DCLK, be- 
comes the receive data clock which oper- 
ates at TTL levels from 64Kb to 2.048 Mb 
data rates. 


Receive PCM input. PCM data is clocked 
in on this lead on eight consecutive nega- 
tive transitions of the receive data clock; 
CLK in the fixed data rate mode and 
DCLK, in variable data rate mode. 


8KHz frame synchronization clock input/ 
timeslot enable, receive channel. In varia- 
ble data rate mode this signal must remain 
high for the entire length of the timeslot. 

| The receive channel enters the standby 
state whenever FS, is TTL low for 300 mil- 
liseconds. 
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GRDD Digital ground for all internal logic circuits. 
Not internally tied to GRDA. 


CLK Master and data clock for the fixed data 
rate mode; master clock only in variable 
data rate mode. 

8 KHz frame synchronization clock input/ 
timesiot enable, transmit channel. Oper- 
CLK in fixed data rate mode and DCLK, in 
variable data rate mode. 


ates independently but in an analogous 
y/DCLK, | Transmit channel timeslot strobe (output) 
or data clock (input) for the transmit chan- 
nel. In fixed data rate mode, this pin is an 
open drain output designed to be used as 
an enable signal for a three-state buffer as 
in 2910A and 2911A direct mode timing. In 
variable data rate mode, this pin becomes 
the transmit data clock which operates at 
| rates. 


out on this lead on eight consecutive posi- 
tive transitions of the transmit data clock: 


manner to FS,. The transmit channel en- 
ters the standby state whenever FS, is 
TTL levels from 64Kb to 2.048 Mb data 
GRDA Analog ground return for all internal voice 
circuits. Not internally connected to GRDD. 


TTL low for 300 milliseconds. 

Transmit PCM output. PCM data is clocked 
VF, Inverting analog input to uncommitted 
transmit operational amplifier. 


Output terminal of on-chip transmit channel 
input op amp. Internally, this is the voice 
signal input to the transmit filter. 


Most positive supply; input voltage is +5 
volts +5%. 


FS, 
Dx 
TS 
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FUNCTIONAL DESCRIPTION 


The 29C16 and 29C17 provide the analog-to-digital 
and the digital-to-analog conversions and the transmit 
and receive filtering necessary to interface a full du- 
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) sys- 
tem. They are intended to be used at the analog 
termination of a PCM line. 


The following major functions are provided: 


® Bandpass filtering of the analog signals prior to 
encoding and after decoding 


@ Encoding and decoding of voice and call prog- 
ress information 


@ Encoding and decoding of the signaling and su- 
pervision information 


GENERAL OPERATION 
System Reliability Features 


The combochip can be powered up by pulsing FS, 
and/or FS, while a TTL high voitage is applied to 
PDN, provided that all clocks and supplies are con- 
nected. The 29C16 and 29C17 have internal resets 
on power up (or when Vez Or Vo are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 


On the transmit channel, digital outputs D, and TS, 
are held in a high impedance state for approximately 
four frames (500s) after power up or application of 
Vep Or Voc. After this delay, Dy and TS, will be func- 
tional and will occur in the proper timeslot. The analog 
circuits on the transmit side require approximately 60 
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milliseconds to reach their equilibrium value due to 
the autozero circuit settling time. 


To enhance system reliability, TS, and D, will be 
placed in a high impedance state approximately 30s 
after an interruption of CLK. 


Power Down and Standby Modes 


To minimize power consumption, two power down | 
modes are provided in which most 29C16/C17 func- 
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown 
in Table 3, the digital outputs on the appropriate chan- 
nels are placed in a high impedance state until the 
device returns to the active mode. 


The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power con- 
sumption is reduced to the value shown in Table 3. 
The device is active when the signal is high and in- 
active when it is low. In the absence of any signal, 
the PDN pin floats to TTL high allowing the device to 
remain active continuously. | 


The Standby mode leaves the user an option of pow- 
ering either channel down separately or powering the 
entire device down by selectively removing FS, and/ 
or FS,. With both channels in the standby state, 
power consumption is reduced to the value shown in 
Table 3. If transmit only operation is desired, FS, 
should be applied to the device while FS, is held low. 
Similarly, if receive only operation is desired, FS, 
should be applied while FS, is held low. 


Fixed Data Rate Mode 


Fixed data rate timing, which is 2910A and 2911A 


Table 3. Power-Down Methods 


Power-Down 
Method 


Device Status 


Only receive is 
on standby 


Typical 
Power 
Consumption 


Digital Output Status 


TS, and Dy are placed in a high impedance 
state within 10 us. 


TS, and Dy are placed in a high impedance 
state within 300 milliseconds. 


TS, and D, are placed in a high impedance 
state within 300 milliseconds. 


3-42 


intel’ 


compatible, is selected by connecting DCLKg to Vz. 
It employs master clock CLK, frame synchronization 
clocks FS, and FS,, and output TS,. 


CLK serves as the master clock to operate the codec 
and filter sections and as the bit clock to clock the 
data in and out from the PCM highway. FS, and FS, 
are 8 kHz inputs which set the sampling frequency. 
TS, is a timeslot strobe/buffer enable output which 
gates the PCM word onto the PCM highway when an 
external buffer is used to drive the line. 


Data is transmitted on the highway at D, on the first 
eight positive transitions of CLK following the rising 
edge of FS,. Similarly, on the receive side, data is 
received on the first eight falling edges of CLK. The 
frequency of CLK must be 2.048 MHz. No other fre- 
quency of operation is allowed in the fixed data rate 
mode. 


Variable Data Rate Mode 


Variable data rate timing is selected by connecting 
DCLK, to the bit clock for the receive PCM highway 
rather than to V,,. It employs master clock CLK, bit 
clocks DCLK, and DCLK,, and frame synchroniza- 
tion clocks FS, and FS,. 


Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequency 
of the bit clocks, from 64 kHz to 2.048 MHz. The 
master clock is still restricted to 2.048 MHz. 


In this mode, DCLK, and DCLK, become the data 
clocks for the receive and transmit PCM highways. 
While FS, is high, PCM data from D, is transmitted 
onto the highway on the next eight consecutive pos- 
itive transitions of DCLK,. Similarly, while FS, is high, 
each PCM bit from the highway is received by D, on 
the next eight consecutive negative transitions of 
DCLK,. 


On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 125us frame as long 
as DCLK, is pulsed and FS, is held high. This feature 
allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, and is 
only available in the variable data rate mode. 


Precision Voltage References 


No external components are required with the com- 
bochip to provide the voltage reference function. Volt- 
age references are generated on-chip and are 
calibrated during the manufacturing process. These 
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references determine the gain and dynamic range 
characteristics of the device. 


Separate references are supplied to the transmit and 
receive sections and each is trimmed independently 
during the manufacturing process. The reference 
value is then further trimmed in the gain setting op- 
amps to a final precision value. With this method the 
combochip can achieve the extremely accurate Dig- 
ital Milliwatt Responses specified in the TRANSMIS- 
SION PARAMETERS, providing the user a significant 
margin for error in other board components. 


TRANSMIT OPERATION 
Transmit Filter 


The input section provides gain adjustment in the 
passband by means of an on-chip operational am- 
plifier. This operational amplifier has a common mode 
range of + 2.17 volts, amaximum DC offset of 25 mV, 
and a typical open loop voltage gain of 20,000. Gain 
of up to 20 dB can be set without degrading the per- 
formance of the filter. The load impedance to ground 
(GRDA) at the amplifier output (GS,) must be greater 
than 10 kilohms in parallel with less than 50 pF. The 
input signal on lead VF,!I— can be either AC or DC 
coupled. The input op amp can only be used in the 
inverting mode as shown in Figure 3. 


A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components are 
required to provide the necessary anti-aliasing func- 
tion for the switched capacitor section of the transmit 
filter. 


The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 chan- . 
nel bank transmission specification and CCITT 
recommendation G.712. The 29C16 and 29C17 
specifications meet or exceed digital class 5 central 
office switching systems requirements. The transmit 
filter transfer characteristics and specifications will be 
within the limits shown in Figure 4. 


A high pass section configuration was chosen to re- 
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre- 
quencies and their harmonics, and other low fre- 
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex- 
ternal components. : 


Figure 3. Transmit Filter Gain Adjustment 


Encoding 


The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per- 
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 


An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
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all DC offset is removed from the encoder input 
waveform. 


RECEIVE OPERATION 
Decoding — 


The PCM word at the D, lead is serially fetched on 
the first eight data clock bits of the frame. A D/A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then trans- 
ferred to the receive filter. 


Receive Filter 


The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D3/ 
D4 specification and CCITT recommendation G.712. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive filter 
characteristics and specifications will be within the 
limits shown in Figure 5. 


Receive Output Power Amplifiers 


A balanced output. amplifier is provided in order to 
allow maximum flexibility in output configuration. 
Either of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a bridged 
load directly. The output stage is capable of driving 
loads as low as 300 ohms single ended or 600 ohms 
differentially. | 


Transmission levels are specified relative to the re- 
ceive channel output under digital milliwatt conditions, 
that is, when the digital input at Dp is the eight-code 
sequence specified in CCITT recommendation G.711. 


Table 4. Zero Transmission Level Points 


OTLP1, | Zero Transmission Level Point 
Transmit Channel (OdBm0) -law 

OTLP2, | Zero Transmission Level Point 
| Transmit Channel (OdBm0) A-law 

OTLP1, | Zero Transmission Level Point 
Receive Channel (OdBm0) y-law 


| OTLP2, Zero Transmission Level Point 
Receive Channel (OdBm0) A-law | 


Parameter tye | tt | 


+2.76 dBm 
+1.00 dBm 
+2.79 dBm 

+1.038 | dBm Referenced to 9002 . 
+5.76 dBm Referenced to 60029 

+ 4,00 dBm Referenced to 9002 

+5.79 |} dBm Referenced to 6000 

+4.03 dBm Referenced to 900 


Test Conditions 


Referenced to 6000 
Referenced to 9000 


Referenced to 6000 


3-44 


intel’ 


29C16 and 29C17 


ADVANCE INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias.......... — 10°C to +80°C 
Storage Temperature .......... — 65°C to + 150°C 
Vo, and GRDD with Respect to Ve, .... . —0.3V to 15V 
All Input and Output Voltages 

with Respect to Vp, ......-..-..- —0.3V to 15V 
All Input and Output Voltages 

with Respect to Vo. ........--. — 15V to +0.3V 
Power Dissipation... ......0... 0.0084: 1.35W 


D.C. CHARACTERISTICS 


*“NOTICE: Stresses above those listed under 
“Absolute Maximum Ratings” may cause perma- 
nent damage to the device. This is a stress rating 
only and functional operation of the device at 
these or any other conditions above those in- 
dicated in the operational sections of this 
specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended 
periods may affect device reliability. 


(Ta, = O°C to 70°C, Veg = +5V +5%, Veg = —5V +5%,GRDA = OV, GRDD = OV, unless otherwise 


specified) 


Typical values are for T, = 25°C and nominal power supply values 


DIGITAL INTERFACE 


Symbol Parameter 
Low Level Input Current 


Input Low Voltage 
Input High Voltage 


Output Low Voltage 
Output High Voltage 


L 
H 
x 


Digital Output Capacitance? 


Digital input Capacitance 


POWER DISSIPATION 


Symbol | 
oi 
ST ‘ 


Parameter | 
Voc Operating Current? 


Pec 
Vas Operating Current 
Vag Power Down Current 
Voc Standby Current 


leas Vas Standby Current | 
[Poo | Power Down Dissipation® 
Pst | Standby Power Dissipation? 


NOTES: 
1. Vix is the voltage on any digital pin. 


| Min | 
inane 
[High Leve input Curent iY 
ne 
Zs 


| Unit | Test Conditions 
P10 7 pA] GRDD < Vw < Vi, (Note 1) 


HA Vin S Vin S Voc 
22 oc 
x 
V 
| = 


| HA | 
Vv | 
7. aeaceeaneeener 
Lie) 


Test Conditions 
mA 
| mA | PDN ~ Vy; after 10ps | 
PDN < Vi; after 10us 


FSy, FSa < Vu; after 300 ms 


PDN < Vi; after 10s 


FSx, FS_ < Vu; after 300 ms 


2. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to a common PCM high- 


way without buffering, assuming a board capacitance of 60 pF. 
3. With nominal power supply values. 
4. Voc applied last or simultaneously with Vgp. 
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ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 


[Symbot] Parameter _————*|_‘win_“| ‘Typ | 
To | rout Leakage Gurens v= 
[oe [rout Resistance, VE ———=SiCS | 
[vas | rout Ofeet Votage, VE=———sTS| 
Tava. [BC Open Loop Votage Gan GS, | 6000 |_| 
tc | Open Loop Unity Gan Bancwith, GS, |__| 00 
[Cin [toad Capaciance 6S, TS 


Rix | Minimum Load Resistance, GS, 


ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE | 


‘Test Conditions 


Test Conditions 


Single-Ended Output DC Offset, PWRO+, Relative to GRDA | 
PWRO — 


A.C. CHARACTERISTICS — TRANSMISSION PARAMETERS 


Unless otherwise noted, the analog input is a 0 dBm0, 1020 Hz sine wave.' Input amplifier is set for unity gain, 
inverting. The digital input is a PCM bit stream generated by passing a 0 dBm0, 1020 Hz sine wave through an 
ideal encoder. Receive output is measured single ended. All output levels are (sin x)/x corrected. Typical values 
are for T, = 25°C and nominal power supply values. (T, = O°C to + 70°C; Vog = +5V+5%; Vag = —5V +5%; 

GRDA = 0; GRDD = 0; unless otherwise specified). . 


GAIN AND DYNAMIC RANGE 


[Symbot| ___Perametr | Win | Typ | Max | Unis | Test Conditions 


EmW | Encoder Milliwatt Response +0.04 | +0.18 | dBm0 | Signal input of 1.064 Vrms p-law 
(Transmit gain tolerance) 7 |: Signal input of 1.068 Vrms A-law 
T, = 25°C, Ven = —S5yV, 


| EmW,, | EmW variation with Temperature and | —0.07 | +0.02 | +0.07. +5% supplies, 0 to 70°C 
supplies Relative to nominal conditions 


DmW _| Digital Milliwatt Response : +0.04 ; +0.18 | dBmO | Measure relative to OTLP,. Signal 
(Receive gain tolerance) input per CCITT Recommendation 
G.711. Output signal of 1000 Hz. 
R, = 
Th = 25°C; Vap = — 5V, 
| Voc = +5V. 


DmW variation with temperature and las ae oa eae +5% supplies, 0 to 70°C 
supplies 


NOTES: 
1. OdBm0 is defined as the zero reference point of the channel for « law under test (OTLP). This corresponds to an analog signal input of 1.064 volts 
rms or an output of 1.503 volts rms. 
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GAIN TRACKING 


Reference Level = —10dBm0 | 
iar 
GTi, | Transmit Gain Tracking Error ; +3 to —40 dBm0 
Sinusoidal Input; u-law +0. —40 to —50 dBm0 


-50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 

Transmit Gain Tracking Error +3 to —40 dBm0 

Sinusoidal Input; A-law +0. —40 to —50 dBm0 
—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 


Receive Gain Tracking Error +3 to —40 dBm0 

Sinusoidal Input; u-law -—40 to —50 dBm0 
-—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 


Receive Gain Tracking Error +3 to —40 dBm0 

Sinusoidal Input; A-law | —40 to —50 dBm0 
—50 to —55 dBm0 
Measured at PWRO+, 
R, = 3000 


NOISE (All receive channel measurements are single ended) 


oak sais unio Test Conditions 
Nyc Transmit Noise, C-Message dBrncO | Unity Gain 
Weighted 
Nxp Transmit Noise, Psophometrically —75} dBm0p | Unity Gain 
Weighted 
Nac Receive Noise, C-Message dBrncO | Da, = 11111111 
Weighted: Quiet Code 


Nace Receive Noise, C-Message 12 dBrncO | Input to D, is zero code © 
Weighted: Sign bit toggle with sign bit toggle at 1 kHz 
rate 
Receive Noise, Psophometrically ~79{| dBmOp | D, = lowest positive 
Weighted decode level 


Single Frequency Noise —50| dBm0 | CCITT G.712.4.2 
End to End Measurement 
Voc Power Supply Rejection, —30 Idle channel; 200mV P-P 
Transmit Channel signal on supply; 0 to 
50kHz, measure at D, 
Idle channel; 200 mV P-P 
signal on supply; 0 to 50 
kHz, measure at Dy 
—25 Idle channel; 200 mV P-P 
signal on supply; measure 
narrow band at PWRO+, 
. 0 to 50 kHz 


Veep Power Supply Rejection, 
Transmit Channel 


Voc Power Supply Rejection, 
Receive Channel 
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NOISE (All receive channel measurements are single ended) 


Symbol) | Parameter | Min | Typ 


Test Conditions 


PSRR, | Vag Power Supply Rejection, | =25 —25 dB Idle channel; 200 mV P-P 
Receive Channel | signal on supply; measure 
narrow band at PWRO+, 

0 to 50 kHz 


-| Crosstalk, Transmit to Receive 


—71 = 74 Input = OdBmO, Unity 
Gain, 1.02 kHz, D, = 
lowest positive decode 

| level, measure at PWRO + 


CTrr | Crosstalk, Receive to Transmit an -71 Da = OdBm0, 1.02 kHz, 
measure at D, 


DISTORTION 
[Symbol] Parameter_______| Min | typ | Max | Unit] Test Conditions 
SD1 Transmit Signal to Distortion, p-Law 36 dB 0 to — 30 dBm0 
Sinusoidal Input: 30 dB ~30 to — 40 dBm0 
CCITT G.712-Method 2 (2916) 25 | dB — 40 to - 45 dBm0 
SD2, Transmit Signal to Distortion, A-Law 36 0 to — 30 dBm0 
Sinusoidal Input; 30 —30 to — 40 dBm0 
CCITT G.712-Method 2 (2917) 25 —40 to — 45 dBm0 


0 to -30 dBm0 
—30 to - 40 dBm0 
-~40 to —45 dBm0 


0 to —30 dBm0 
—30 to —40 dBm0 
-—~40 to —- 45 dBm0o 


| dBmo | AT&T Advisory #64 ( 
0 dBm0 Input Signal 


Receive Signal to Distortion, u-Law 
Sinusoidal Input; CCITT G.712-Method 
2 (2916) 


Receive Signal to Distortion, A-Law 
Sinusoidal Input; CCITT G.712-Method 
2 (2917) | 


SD1, 


SD2R 


Transmit Single Frequency Distortion | 3.8 


Products (29C16) 
| Receive Single Frequency Distortion 
Products (29C 16) 
IMD, Intermodulation Distortion, © 
| End to End Measurement 


= 


IMD. Intermodulation Distortion 
. End to End Measurement 
Spurious Out of Band Signals, 
End to End Measurement 
Spurious in Band Signals, 
End to End Measurement 


| SOS 
SIS 


Dax Transmit Absolute Delay 245 US Fixed Data Rate. CLK, = 2.048 
MHz; 0 dBm0, 1.02 kHz input 
| Signal, Unity Gain. Measure 
at Dy. . 
Dox Transmit Differential Envelope Delay us | f = 500-600 Hz 
| Relative to Dax Us f = 600 — 1000 Hz 
| us | f = 1000 — 2600 Hz 
Us f = 2600 — 2800 Hz 
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DISTORTION | 
[Symbol| ss Parameter == | “Min | Typ | Max | Unit | Test Conditions 
Dar Receive Absolute Delay 190 _ ps Fixed Data Rate, CLK = 2.048 
MHz; Digital Input is DMW 
codes. Measure at PWRO+. 
Receive Differential Envelope Delay Us f = 500 — 600 Hz 


600 — 1000 Hz 
1000 — 2600 Hz 
2600 — 2800 Hz 


Relative to Dar 


| 


TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain, inverting. 


Parameter Test Conditions 
Gain Relative to Gain at 1.02 kHz 0 dBm0 Signal input at VF! — 


EXPANDED 
SCALE 


TYPICAL FILTER * 3300H 
TRANSFER FUNCTION — -. 


o 
3 
N 
» 
< 
~ 
q 
2 
< 
9 
‘2) 
iw 
os 
2 
- 
< 
a 
w 
x 
r 4 
< 
oO 


ee TYPICAL FILTER 


TRANSFER FUNCTION 


FREQUENCY (Hz) 


Figure 4. Transmit Channel 
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- RECEIVE CHANNEL TRANSFER CHARACTERISTICS 


‘Symboi/ ——sssss~Parameter” | «Min | Typ | Max | Unit | TestConditions 
[Gen [Gain Relaive to Gain at cozme | |__| |_| 0dBm0 Signal input ata 

| [Beow20ne SC*SCi‘“(RTCONSp we SCS 
fone SSCS~ Oi] ww PCS 

[200% s000He —SSCSC~* ons | ios] ae | CSCS 

oss | _[roos [ae [SSCS 

cor [for [wes [SCS 

i Ca ee 
[as00He and Above ———SSCiESCCiSSCid Pe | OSC 


EXPANDED 
+ 12508 
200Hz fe vee SCALE 


{dB} 


GAIN RELATIVE TO GAIN AT tkHz 


1KHz 


FREQUENCY (Hz) 


Figure 5. Receive Channel 
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. 


A.C. CHARACTERISTICS — TIMING PARAMETERS 
CLOCK SECTION 


C__ Parameter [in 
Clock Period, CLK 
Clock Pulse Width, CLK 220 

| 220 


unt [Test Conditions 
Tne [tax 20 Me 
Ce [ 
—s 
% 


Data Clock Pulse Width 


tcoc Clock Duty Cycle, CLK 
Clock Rise and Fall Time 


64 kHz & foci, = 2.048 MHz 


Data Enabled on TS Entry 


[min 
ie 
cox | Data Delay om CuK iY 
i — 
ae 
— 


Toni 
[145 [ne Omg = 1008 
ss 


ZX 
Data Float on TS Exit 
ton _| Timeslot X to Enable 
Timesiot X to Disable 


[Symbol| ____Parameter__———|_Min 
Ce 
Mom | Receive Data Hod ————«d;~— 


Test Conditions 
NOTES: 
1. Timing parameters tpz, tyzx, and tso¢¢ are referenced to a high impedance state. 
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WAVEFORMS 
Fixed Data Rate Timing 


TRANSMIT TIMING 


TIMESLOT 


TIMESLOT 


5 4 


{ 
= tpzx <—tH2x 


toox 


tson — | <— tsorr 


NOTE: ALL TIMING PARAMETERS REFERENCED TO Vy, AND Vi, EXCEPT tpzx, tsorr AND tyzx WHICH 
- REFERENCE A HIGH IMPEDANCE STATE 


RECEIVE TIMING 


TIMESLOT 


ot 
STABLE 


NOTE: ALL TIMING PARAMETERS REFERENCED TO V,,, AND V,,. 
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TRANSMIT SECTION, VARIABLE DATA RATE MODE' 


Test Conditions 


trsox ee: 
tesp 


topx 
toon Timeslot to D, Active 


Timesiot to D, Inactive 
Data Clock Period 488 
Data Delay from FS, 


Transmit Frame Sync Minimum 
Downtime 


tesiA Receive Frame Sync Minimum 
Downtime 
tocik Data Clock Pulse Width 


NOTES: 

1. Timing parameters toon and tporr are referenced to a high impedance state. 

2. tes_x Minimum requirements overrides trspx maximum spec for 64 kHz operation. 
3. testa Minimum requirements overrides trsp_ maximum spec for 64 kHz operation. 
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VARIABLE DATA RATE TIMING 


TRANSMIT TIMING 


tosr —_ << tour 
Dr 


NOTE: ALL TIMING PARAMETERS REFERENCED TO V,, AND Vi. EXCEPT 
toon AND tors WHICH REFERENCE A HIGH IMPEDANCE STATE 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.4 
2.0 2.0 
} S>test POINTS” | 
0.8 0.8 
0.45 , 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" and0.45V FORA 
LOGIC "0". TIMING MEASUREMENTS ARE MADE AT 2.0V FOR ALOGIC "1" AND 
0.8V FOR ALOGIC "0". 
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In | PRELIMINARY 


80C49-7/80C39-7 
CHMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 


= 80C49-7 Low Power Mask Programmable ROM 
@ 80C39-7 Low Power, CPU only 


= Battery Operation 


= 3 Power Consumption Selections 
—Normal Operation: 12mA @ 11 MHz@ 5V 


= Pin-to-pin Compatible with Intel’s 
8049AH/8039AHL 


1.36 usec Instruction Cycle. All Instructions 
1 or 2 Cycles 


Ability to Maintain Operation during 
AC Power Line Interruptions 


Exit Idle Mode with an External or Internal 
Interrupt Signal 


—Idle Mode: 5 mA @ 11 MHz @ 5V 
—Power Down: 2 uA @ 2.0V 

11 MHz, TTL Compatible Operation: 
Voc = 5V + 10% 

CMOS Compatible Operation; 

Vcc = 5V + 20% 


Intel’s 80C49-7/80C39-7 are low power, CHMOS versions of the popular MCS®-48 HMOS family members. CHMOS is a 
technology built on HMOS II and features high resistivity P substrate, diffused N well, and scaled N and P channel devices. 
The 80C49-7/80C39-7 have been designed to provide low power consumption and high performance. 


The 80C49-7 contains a 2K x 8 program memory, a 128 x 8 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter 
in addition to an on-board oscillator and clock circuits. For systems that require extra capability, the 80C49-7 can be expanded 
using CMOS external memories and MCS®-80 and MCS®-85 peripherals. The 80C39-7 is the equivalent of the 80C49-7 without 
program memory on-board. 

The CHMOS design of the 80C49-7 opens new application areas that require battery operation, low power standby, wide 


voltage range, and the ability to maintain operation during AC power line interruptions. These applications include portable and 
hand-held instruments, telecommunications, consumer, and automotive. 


oe 
XTAL { . 


PROGRAM DATA 
MEMORY MEMORY 


RESET 80C49-7 
SINGLE 80C39-7 
STEP 


EXTERNAL 
MEM 


rest 


INTERRUPT 


READ 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


8 BIT TIMER 
EVENT 
COUNTER 


27 
1/O LINES 


Figure 1. Figure 2: 
Block Diagram Logic Symbol 


STROBE 


Figure 3. 
Pin Configuration 
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Table 1. Pin Description 


P20-P23 contain the four 
high order program counter 
bits during an external 
program memory fetch 

and serve as a 4-bit I/O 
expander bus for 8243. 


True bidirectional port 
which can be written or 
read synchronously using 
the RD, WR strobes. The 
port can also be statically 
latched. 


Contains the 8 low order 
program counter bits dur- 
ing an external program 
memory fetch, and receives 
the addressed instruction 
under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store instruction, 
under control of ALE, RD, 
and WR. 


Input pin testable using the 
conditional transfer instruc-| 
tions JTO and JUNTo. TO can 


be designated as a clock 
Output using ENTO CLK 
instruction. 


Input pin testable using the 
JT1, and JNT1 instructions. 
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Can be designated the 


timer/counter input using 
the STRT CNT instruction. 


Interrupt input. Initiates an 
interrupt if interrupt is en- 
abled. Interrupt is disabled 
after a reset. Also testable 
with conditional jump in- 
‘struction. (Active low) 
Interrupt must remain low 
for at least 3 machine 
cycles for proper operation. 


Output strobe activated 
during a BUS read. Can be | 
used to enable data onto 
toe bus from an external 
| device. 


Used as a read strobe to 
external data memory. 
(Active low) | 


| Input which is used to 
initialize the processor. 
(Active low) (Non TTL ViH) 


Output strobe during a bus 
write. (Active low) 


Used as write strobe to 
external data memory. 


Address latch enable. This 
signal occurs once during 
each cycle and is useful as 
a clock output. 


| The negative edge of ALE 
| strobes address into 

external data and program 
memory. 


Program store enable. This 
output occurs only during 
a fetch to external program 


PSEN 
memory. (Active low) 
SS 5 Single step input can be 
| used in conjunction with 
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Table 1. Pin Description (Continued) 


| and program verification. 
(Active high) 


ALE to “single step” the 
processor through each 


instruction (Active low) One side of crystal input 


for internal oscillator. Also 
input for external source. 
(Non TTL Vip) 


| External access input which 


forces all program memory 
fetches to reference 
external memory. Useful 
for emulation and debug, 
and essential for testing 


Other side of crystal input. 


IDLE MODE DESCRIPTION 


The 80C49-7, when placed into Idle mode, keeps the oscillator, the internal timer and the external interrupt and 
counter pins functioning and maintains the internal register and RAM status. 


To place the 80C49-7 in Idle mode, a command instruction (op code 01H) is executed. To terminate Idle mode, 
a reset must be performed or interrupts must be enabled and an interrupt signal generated. There are two 
interrupt sources that can restore normal operation. One is an external signal applied to the interrupt pin. The 
other is from the overflow of the timer/counter. When either interrupt is invoked, the CPU is taken out of Idle 
mode and vectors to the interrupt’s service routine address. Along with the Idle mode, the standard MCS®-48 
power-down mode is still maintained. 
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In 


Accumulator 


Mnemonic 


| ADD A, R 


ADD A, @R 
ADD A, # data 
ADDC A, R 


| ADDC A, @R 


ADDC A, # data 


ANL A, R 
ANL A, @R 
ANL A, # data 
ORL A, R 
ORL A @R 
ORL A, # data 
XRL A, R 


XRL A, @R 
XRL, A, # data 


INCA 
DEC A 
CLRA 
CPLA 
DAA 
SWAP A 
RLA 
RLCA 


RRA 
RRC A 


Input/Output 


Mnemonic 
INA, P 
OUTLP,A 
ANL P, # data 
ORL P, # data 
INS A, BUS 
OUTL BUS, A 


Description 

Add register to A 

Add data memory to A 
Add immediate to A 
Add register with carry 


Add data memory 
with carry 


Add immediate 
with carry 


And register to A 

And data memory to A 
And immediate to A 
Or register to A 

Or data memory to A 
Or immediate to A 


Exclusive or register 
to A 


Exclusive or data 
memory to A 


Exclusive or 
immediate to A 


Increment A 
Decrement A 
Clear A 
Complement A 
Decimal adjust A 
Swap nibbles of A 
Rotate A left 


Rotate A left 
through carry 


Rotate A right 


Rotate A right 
through carry 


Description 

Input port toA 

Output A to port 

And immediate to port 
Or immediate to port 
Input BUS to A 
Output A to BUS 


ANL BUS, # data And immediate to BUS 
ORL BUS, # data Or immediate to BUS 


MOVD A, P 
MOVDP,A 


ANLD P, A 
ORLD P,A 


Input expander port 
toA 

Output A to expander 
port 


And A to expander port 


Or A to expander port 


a a a Se Se Sa Cae © 


—h week 


1 


— prry = = pO hy = 


— 
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80C49-7/80C39-7 


Bytes Cycles 


Bytes Cycles 


2 


MP MM MNMN NM NY 


NO 


Table 2. Instruction Set 


Registers 


| Mnemonic 


INC R 
INC @R 


DEC R 


Branch 


Mnemonic 
JMP addr 


| JMPP @A 


DJNZ R, addr 


JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 


| JNT1 addr 


JFO addr 
JF1 addr 
JTF addr 
JNI addr 
JBb addr 


Subroutine 


Mnemonic 
CALL addr 
RET 

RETR 


Flags 


Mnemonic 


| CLRC 


CPL C 

CLR FO 
CPL FO 
CLR F1 
CPL F1 


Description 


- PRELIMINARY 


Bytes Cycles | 


Increment register 
Increment data memory 
Decrement register 


_ Description 


Jump unconditional 


Jump indirect 


Decrement register 


and skip 


Jump on carry = 1 
Jump on carry = 
Jump on A zero 
Jump on A not zero 


Jump on T0= 1 


Jump on T0=0 


Jump on T1 = 1 


Jump on T1=0 


Jump on FO = 1 
Jump on F1 = 1 


Jump on timer flag 
Jump on INT =0 
Jump on accumulator 


bit 


Description 


0 


PMO MOPONNDNMNMNN NM MN NM ND PY 


Bytes Cycles 


Jump to subroutine “<2 


Return 


: 


Return and restore 1 


status 


Description 
Clear carry 


Bytes Cycles 


1 


Complement carry 


Clear flag 0 


Complement flag 0 


Clear flag 1 


Complement flag 1 


MP MPMONMNMNM MM MH MHN MN NM 


2 
2 
2 


1 
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Table 2. Instruction Set (Continued) 


Data Moves 
Mnemonic Description Bytes Cycles 
MOV A, R Move register to A 1 1 
| MOV A, @R Move data memory 1 1 
toA 
MOV A, #data Move immediate to A 2 2 
MOV R,A Move A to register 1 1 
MOV @R,A Move A to data 1 1 
memory 
MOV R, #data Move immediate 2 2 
to register 
MOV @R, # data Move immediate to 2 2 
data memory 
MOV A, PSW Move PSW to A 1 1 
MOV PSW, A Move A to PSW 1 1 
XCHA,R Exchange A and 1 1 
register 
| XCH A, @R Exchange A and 1 1 
data memory 
XCHD A, @R Exchange nibble of A 1 1 
, and register 
MOVXA,@R “Move external data 1 2 
memory to A 
MOVX @R, A Move A to external 1 2 
data memory 
MOVP A, @A Move to A from 4] 2 
current page 
MOVP3 A, @A_ Move to A from page 3 1 2 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias . . . 
Storage Temperature — 65°C to + 150°C 
Voltage On Any Pin With Respect 
toGround............ —0.5V to Voc +1V 
Maximum Voltage On Any Pin 7 
With Respect to Ground ............. 7V 
Power Dissipation .............. 


0°C to 70°C — 
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Timer/Counter 


Mnemonic 
MOV A, T 
MOV T,A 
STRT T 
STRT CNT 


STOP TCNT 


EN TCNTI 


DIS TCNTI 


Control 


Mnemonic 
EN | 


DIS | 


SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENTO CLK 


Mnemonic 
NOP 
IDL 


Description 

Read timer/counter 
Load timer/counter 
Start timer 

Start counter 

Stop timer/counter 


Enable timer/counter 
interrupt 


Disable timer/counter 
interrupt 


Description 


Enable external 
interrupt 


Disable external 
interrupt 


Select register bank 0 
Select register bank 1 

Select memory bank 0 
Select memory bank 1 


Enable clock output 
on TO 


Description 


~ No operation 


Select Idle Operation 


Bytes Cycles 


Bytes Cycles 


Bytes Cycles 
1 1 
1 1 


“NOTICE: Stresses above those listed under ‘‘Ab- 


solute Maximum Ratings’”” may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
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D.C. CHARACTERISTICS: (Ta = 0°C to 70°C: Voc = Vpp = SV + 20%: Voc — Vpp| < 1.5V: 


Vss = OV) | | 
Typ| Max | Unit Test Conditions 
) 


VIL Input Low Voltage ne 
(All Except X1, RESET : 


Input Low Voltage X1, RESET 
0.2VCC 


_ 
i 


Input High Voltage ; 
7 (All Except XTAL1, RESET) + 1.2 


Hi | Input High Voltage (X1, RESET) ; 
OL | Output Low Voltage (BUS) 


VoOL1 | Output Low Voltage 
| (RD, WR, PSEN, ALE) 


{2| Output Low Voltage (PROG) | 
VOL3| Output Low Voltage _ 

— | (All Other Outputs) | 
VOH | Output High Voltage (BUS) 15 VC 


VOH1| Output High Voltage 75 VC 
(RD, WR, PSEN, ALE 


) 
VOH2| Output High Voltage 
(All Other Outputs) 
L1 Input Leakage Current (T1, INT, EA) 


loi Input Leakage Current _ 
~ | (P10-P17, P20—P27, SS 


) 
Output Leakage Current (BUS, TO) 


= 
= 


= 
A 
< 
@) 
oO 


< 


< 


lLo 25 Vss = VIN= Vcc 
(High Impedance State) | 
ILR Input Leakage Current (RESET) .| -—10 Vss S VIN S Vin 


A) 
Oo 

QO jO 

fe) 

a 

ll 

| 

BSN 

=) 

ron) 

= 

> 


| 
slg 
io) 
= 
> 


Power Down Standby Current 


Icc Active Current (mA) 


Vpp = 2.0V RESET = Vi, 


Absolute Maximum Unloaded Current 


Icc Test Conditions: 


Icc Active Icc Idle 
All outputs disconnected All outputs disconnected 
T1, INT, SS, TO connected to HIGH (Vj) XTAL1 External Drive » , 
EA, RST connected to LOW (Vj,) _. Rise Time = 10 ns, Fall Time = 10 ns 
XTAL1 External Drive . XTAL2 No connection 
Rise Time = 10 ns, Fall Time = 10 ns | Vin = Voc — 0.5V 


XTAL2 No connection ViL = Vss + 0.5V 
ViH = Voc — 0.5V . 
Vi = Vss + 0.5V 


. 210936 
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intel 80C49-7/80C39-7 PRELIMINARY 


A.C. CHARACTERISTICS: (Ta = 0°C to 70°C; Voc = Vpp = 5V + 20%:|Voc - Vpp! < 1.5V; Vgs = OV) 


f (t) | t1MHz | Conditions 
Symbol Parameter (Note 3) | Min | Max | (Note 1) 


[| CookPerios ————~—S~*s tat reg 909 | 1000 | ns | (Notes) 


(Note 2 


tcc 1 Control Pulse Width (RD, WR 7.5t-200 
tcc2 Control Pulse Width (PSEN 6t-200 


(LL 
tAL 
tLA 
tow 
tWwD 
{DR 
tAW 


n 

n 

n 

n 
a 
ss | 


S 
S 


tRp4 RD to Data in 6t-170 fe en a all 


(RD, WR) 
(PSEN) 50 
WR 90 
) az 
|| 350 
tap2__| PSENtoDatain | 4.5t-170_ | | 190 
tani __| AddrSetuptoData(RD) | t0.st-220 | | 730 | 
tang _| AddrSetuptoData(PSEN) _—_—s|s7.st-2200 | = | 460 | ns || 
tAFCI 
WR) 
EweO 
|_| 650 
| 0 | 140 
50 
40 


Ss 
Ss 
S 
NS 
S 
Ss 
S 
S 
n 
NS 
Ns 


Port Control! Hold to PROG 
Output bata Soup | e200 | 250 [ns 


[Output DataHols i seo ofp es 
PROG Pulse Width 10.5t-250 | 700 | | ons | | 


tca1 | Control to ALE (RD, WR, PROG) 
At— 


tLAFC2 | ALE to Control (PSEN) 1.5t-75 


| 150 
4 
3 
1 
2 
2 
2 
1 
2 


tAFC2 Addr Float to PSEN .Ot-40 
tLAFC1 | ALE to Control (RD, WR 3t-75 


=) 
n 


tcp 
tec 
{PR 
(PF 
top 
{PD 
tpp 


700 
Mey | Port Outputiromate | aston | | st | ns | 
opan | ToReprate SST Sf em | dfs | 
oy | Gyeetime +d at frase | 0 fs | 
Notes: 
1. Control Outputs CL = 80pF 2. BUS High Impedance 3. f(t) assumes 50% duty cycle on X1, X2. Max 


BUS Outputs CL = 150pF Load 20pF clock period is for a 1 MHz crystal input. 
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WAVEFORMS 


ee 
{LL = tLarc2 - - | tLAFC1 
ALE | | | | ALE | | | | 


tarc2 ~ l-— tcc2 —- b= tca2 = l—tec1—+ (Cat _ 
eee a RD | 
PSEN | | | | | 
I to4 
—e|{LA He | a ae tAFCi1-—s = —e| <—tDR 
| FLOATING 
BUS FLOATING FLOATING BUS FLOATING CX Xeara) FLOATING 
ADDRESS = tRD2-- INSTRUCTION | |ADDRESS ——+| trp1 
Beene Shee mines -taD1- 
Instruction Fetch From Program Memory Read From External Data Memory 
| ——>{ tLAFC1 — 
ALE | | | 
a—ItCC{—» [CA1—-— 2.4V 
WA aa in ices ee TEST EOIN ; 
, | 0.45V 
ADDRESS =, (DW +--+ = [WD 
. N A.C. testing inputs are driven at 2.4V fora logic “1” and 
ee eee a? Ga Cc) lichens 0.45V for a logic “0.” Output timing measurements are 
. | FEOATING made at 2.0V for a logic “1” and 0.8V for a logic “0.” 
bw ——— tAW ——=! 
Write To External Data Memory _ Input And Output For A.C. Tests 


PORT 1/PORT 2 TIMING 


1ST CYCLE 2ND 
CYCLE 


nat ok bee 
P20-23 _— 
| | 


| 
| | h 
| 


| 
t) 
PORT 24-27, PORT 10-17 DATA | | NEW PORT DATA 
tLp 


| | 
. | tee Letcat 
{Lp 
EXPANDER | e-taL— eet A is eg eid 
PORT 
OUTPUT rr ee), PORT 20-23 oaalX | PORT CONTROL X| OUTPUT DATA| | 


| | 
EXPANDER | 


| | . 
PORT | | | is = 

| | 

| 


INPUT PCH ~ [Xport 20-23 DATA PORT CONTROL | a CATR 
| 
tcp tPC : 
—tpp 


PROG / 
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SUGGESTED ROM VERIFICATION ALGORITHM FOR CHMOS DEVICES ONLY 


INITIAL ROM DUMP CYCLE SUBSEQUENT ROM DUMP CYCLES 


(OUTPUT) 


DB ADDRESS ROM DATA ADDRESS ROM 
DATA 


(INPUT) (OUTPUT) ; (INPUT) (OUTPUT)! 
i 


(INPUT) 


I 
4 
t 
! 


P20-P23 - ADDRESS ADDRESS 


1 (INPUT) 


C48! cag | C50 Vcc = Vop = + 5V 


Aio_| 0 | ADDR|ADDR 


All 0 0 jADDR Vss = OV 
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~ 80C51BH/80C51BH-2 
CHMOS SINGLE COMPONENT 8-BIT MICROCONTROLLER 
| with Factory Mask-Programmable ROM 


80C31BH/80C31BH-2 
CHMOS SINGLE COMPONENT 8-BIT CONTROL-ORIENTED 
CPU WITH RAM AND I/O 


80C51BH/80C31BH — 3.5 to 12 MHz Vcc = 5V + 20% 
80C51BH-2/80C31BH-2 — 0.5 to 12 MHz Vcc = 5V + 20% 


# 128 X 8 RAM ™ Boolean Processor 

# 32 Programmable I/O Lines = 5 Interrupt Sources 

= Two 16-Bit Timer/Counters = Programmable Serial Port 
= 64K Program Memory Space _ ™@ 64K Data Memory Space 


The MCS®-51 CHMOS products are fabricated on Intel’s advanced CHMOS III process and are functionally 

compatible with the standard MCS-51 HMOS and EPROM products. CHMOS Ill is a technology which combines 

the high speed and density characteristics of HMOS with the low power attributes of CMOS. This combination 
expands the effectiveness of the powerful MCS-51 architecture and instruction set. 


Like the MCS-51 EPROM and HMOS, the MCS-51 CHMOS products have the following features: 4K of ROM 
(80C51BH/80C51BH-2 only); 128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; a five-source two-level 
interrupt structure; a full duplex serial port; and on-chip oscillator and clock circuitry. In addition, the MCS-51 
CHMOS products have two software selectable modes of reduced activity for further power reduction — Idle 
and Power Down. 


Idle mode freezes the CPU while allowing the RAM, timer/counters, serial port and interrupt system to continue 
functioning. Power Down mode saves the RAM contents but freezes the oscillator causing all other chip functions 
to be inoperative. 


Figure 1. Block Diagram 
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80C51BH/80C51BH-2 


Vs 
i~t 


1Oy 1 Py 


P3.0/RXD [_] 10 socsian-2 

P3.1/TXD CJ 11 

P3.2/INTO C—] 12 

P3.3 INT1 C_] 13 
P3.4/TO CJ 14 
P3.5/T1 ([] 15 
P3.6/WR (_] 16 
P3.7/RD (_] 17 


XTAL1 C_] 19 


Diagrams are for pin reference only. 
Package sizes are not to scale. 


80C31BH/80C31BH-2 


a ee a ee | 


ADVANCE INFORMATION 


80C51BH 
80C51BH-2 


80C31BH 
80C31BH-2 


Figure 2. Configurations 


IDLE AND POWER DOWN OPERATION 


Figure 3 shows the internal Idle and Power Down 
clock configuration. As illustrated, Power Down 
operation freezes the oscillator. Idle mode operation 
allows the interrupt, serial port, and timer blocks to 
continue to function while the clock to the CPU is 
halted. 


sat 


XTAL2 XTAL1 


INTERRUPT, 


L_»> SERIAL PORT, 
TIMER BLOCKS 


Figure 3. Idle and Power Down Hardware 
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These special modes are activated by software via 
the Special Function Register, PCON. Its hardware 
address is 87H. PCON is not bit addressable. 


PCON: Power Control Register 


(MSB) (LSB) 


isMop} — | — | — | Fi | Gro] PD | IDL | 


Symbol Position Name and Function 
SMOD PCON.7 Double Baud rate bit. When set to a1, 
the baud rate is doubled when the serial 
port is being used in either modes 1, 2 
or 3. 
_ PCON.6 (Reserved) 
_ PCON.5 (Reserved) 
— PCON.4 (Reserved) 
GF1 PCON.3 General-purpose flag bit. 
GFO PCON.2 General-purpose flag bit. 
PD PCON.1 Power Down bit. Setting this bit 
activates power down operation. 
IDL PCON.0 Idle mode bit. Setting this bit activates 
idle mode operation. 


If 1's are written to PD and IDL at the same time, PD 
takes precedence. The reset value of PCON is 
(OXXX0000). 


intel" 
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idle Mode 


The instruction that sets PCON.90 is the last instruction 
executed in the normal operating mode before Idle 
mode is activated. Once in the Idie mode, the CPU 
status is preserved in its entirety: the Stack Pointer, 
Program Counter, Program Status Word, Accumu- 
lator, RAM, and all other registers maintain their data 


during Idle. Table 1 describes the status of the ex- | 


ternal pins during Idle mode. 


There are two ways to terminate the Idle mode. 
Activation of any enabled interrupt will cause PCON.O 
to be cleared by hardware, terminating Idle mode. 
The interrupt is serviced, and following RETI, the next 
instruction to be executed will be the one following 
the instruction that wrote a 1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine 
whether the interrupt was received during normal 
execution or during the Idle mode. For example, the 
instruction that writes to PCON.O can also set or clear 
one or both flag bits. When Idle mode is terminated 
by an enabled interrupt, the service routine can 
examine the status of the flag bits. 


The second way of terminating the Idle mode is with 
a hardware reset. Since the oscillator is still running, 
the hardware reset needs to be active for only 2 
machine cycles (24 oscillator periods) to complete the 
reset operation. 


Power Down Mode 


The instruction that sets PCON.1 is the last executed 
prior to going into power down. Once in power down, 
the oscillator is stopped. Only the contents of the on- 


chip RAM is preserved. The Special Function Reg- » 


isters are not saved. A hardware reset is the only way 
of exiting the power down mode. 


In the Power Down mode, Vcc may be lowered to 
minimize circuit power consumption. Care must be 
taken to ensure the voltage is not reduced until the 


power down mode is entered, and that the voltage is 
restored before the hardware reset is applied which 
frees the oscillator. Reset should not be released until 
the oscillator has restarted and stabilized. 


Table 1 describes the status of the external pins while 
in the power down mode. It should be noted that if 
the power down mode is activated while in external. 
program memory, the port data that is held in the 
Special Function Register P2 is restored to Port 2. If 
the data is a 1, the port pin is held high during the 
power down mode by the strong pullup, p1, shown 
in figure 4. 


80C51BH I/O Ports 


The I/O port drive of the 80C51BH is similar to the 
8051. The I/O buffers for Ports 1, 2, and 3 are im- 
plemented as shown in figure 4. 


When the port latch contains a 0, all pFETS in figure 
4 are off while the nFET is turned on. When the port 
latch makes a 0-to-1 transition, the nFET turns off. 
The strong pullup pFET, p1, turns on for two oscillator 
periods, pulling the output high very rapidly. As the 
output line is drawn high, pFET p3 turns on through 
the inverter to supply the IOH source current. This 


inverter and p3 form a latch which holds the 1 and is 


supported by p2. 


When Port 2 is used as an address port, for access 
to external program of data memory, any address bit 
that contains a 1 will have its strong pullup turned on 
for the entire duration of the external memory access. 


When an I/O pin on Ports 1, 2, or 3 is used as an 
input, the user should be aware that the external cir- 
cuit must sink current during the logical 1-to-0 tran- 
sition. The maximum sink current is specified as ITL 
under the D.C. Specifications. When the input goes 
below approximately 2V, p3 turns off to save ICC 
current. Note, when returning to a logical 1, p2 is the 
only internal pullup that is on. This will result in a slow 
rise time if the user’s circuit does not force the input 


Table 1. Status of the external pins during Idle and Power Down modes 


nou aan oe Program Memory | ALE | PSEN PORTO | PORT1 | PORT2 | PORT3 | 
Port | Port Data | | Port Data | Data 


Port Por bata Port Pot ata Port Data 


Power 

Down Internal 

Power 

pent External Floating | Port Data | Port Data 


Address | Port Data 


Port Data 
Port Data 


. " 80C51BH/80C51BH-2 
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vcc vcc 


2 OSC. PERIODS 


Q 
FROM PORT 
LATCH 


INPUT cj 
DATA — 


READ 
PORT PIN 


Figure 4. I/O Buffers in the 80C51BH (Ports 1, 2, 3) 


line high. For additional information, refer to the chap- pulled high by the internal pullups, and in that state 
ter entitled “Design Considerations When Using can be used as inputs. As inputs, Port 1 pins that are 
CHMOS’ in the 1984 Intel Microcontroller Handbook. externally being pulled low will source current (IIL, on 


the data sheet) because of the internal pullups. 


PIN DESCRIPTIONS : Port 1 also receives the low-order address bytes dur- 
ing program verification. 

V 

we Port 2 

Supply voltage during normal, Idle, and Power Down 

operations. Port 2 is an 8-bit bi-directional I/O port with internal 
pullups. Port 2 pins that have 1’s written to them are 

Vss pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 2 pins that are 

Circuit ground. externally being pulled low will source current (IIL, on 
the data sheet) because of the internal pullups. 

Port 0 
Port 2 emits the high-order address byte during 

Port 0 is an 8-bit open drain bi-directional I/O port. fetches from external Program Memory and during 

Port O pins that have 1’s written to them float, and in accesses to external Data Memory that use 16-bit 

that state can be used as high-impedance inputs. addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1’s. During 

Port 0 is also the multiplexed low-order address and accesses to external Data Memory that use 8-bit ad- 

data bus during accesses to external Program and dresses (MOVX @Ri), Port 2 emits the contents of 

Data Memory. In this application it uses strong inter- the P2 Special Function Register. 


nal pullups when emitting 1’s. Port 0 also outputs the 
code bytes during program verification in the Port 3 
80C51BH. External pullups are required during pro- 


gram verification. Port 3 is an 8-bit bi-directional i/O port with internal 
pullups. Port 3 pins that have 1’s written to them are 
Port 1 pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
Port 1 is an 8-bit bi-directional I/O port with internal externally being pulled low will source current (IIL, on 
pullups. Port 1 pins that have 1’s written to them are the data sheet) because of the pullups. 
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Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 


Port Pin Alternate Function 
P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 ~ WR (external data memory write 
strobe) 
P3.7 RD (external data memory read. 
strobe) 
RST 


Reset input. A high on this pin for two machine cycles 
while the oscillator is running resets the device. An 
internal diffused resistor to. Vss permits Power-On 
reset using only an external capacitor to Voc. 


ALE 


Address Latch Enable output pulse for latching the 
low byte of the address during accesses to external 
memory. 


In normal operation ALE is emitted at a constant rate 
of % the oscillator frequency, and may be used for 
external timing or clocking purposes. Note, however, 
that one ALE pulse is skipped during each access to 
external Data Memory. 


PSEN 


- Program Store Enable is the read strobe to external 


Program Memory. 


When the 80C51BH is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memory. 


EA 


External Access enable. EA must be externally held 
low in order to enable the device to fetch code from 
external Program Memory locations OOOOH to 
OFFFH. 


XTAL1 


Input to the inverting oscillator amplifier and input to 
the internal clock generator circuits. 


XTAL2 


Output from the inverting oscillator amplifier. 


OSCILLATOR CHARACTERISTICS 


XTAL1 and XTAL2 are the input and output respec- 
tively, of an inverting amplifier which is configured for 
use as an on-chip oscillator, as shown in Figure 5. 
Either a quartz crystal or ceramic resonator may be 
used. More detailed information concerning the use 
of the on-chip oscillator is available in Application 
Note AP-155, “Oscillators for Microcontrollers.” 


To drive the device from an external clock source, 
XTAL1 should be driven while XTAL2 is left uncon- 
nected as shown in figure 6. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


EXTERNAL 


OSCILLATOR 
SIGNAL 


Figure 6. External Drive Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias . . . 0°C to 70°C 
Storage Temperature — 65°C to +150°C 
Voltage on Any Pin to Vss.. . .—0.5V to Voc +1V 
Voltage on Vcc to Vss —0.5V to +7V 
Power Dissipation 1.0W 


D.C. CHARACTERISTICS: (Ta = 0°C to 70°C; Vss 


[symbol [Parameter 
VIL Input Low Voltage 


VIL 
VIH Input High Voltage 
(Except XTAL1, RST) 
OL 


—0.5 


0.2Vcc+.9 


0.7VCC 


Vind Input High Voltage to 
XTAL1, RST 


0.2Vcc —.1 
Voc+0.5 


Voct+0. 
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“NOTICE: Stresses above those listed under ‘‘Ab- 
solute Maximum Ratings’’ may cause permanent 
damage to the device. This is a stress rating only. 
and functional operation of the device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


= 0V; Voc = 5V + 20%) 


Test Conditions 


V Output Low Voltage 0.45 lol = 1.6 mA 

(Ports 1, 2, 3) 
VOL1 Output Low Voltage 0.45 loL = 3.2 mA (Note 1) 

(Port 0, ALE, PSEN) 
VOH Output High Voltage 2.4 VHOH= — 80uA Voc =5V+10% 

(Ports 1, 2, 3) | 

0.75VCC V . |IOH= —30uA 
0.9VCC Vi |IOH= —10uHA 

VoH1 | Output High Voltage | 24 | | V |lgH=—400nA Voc =5V+10% 

(Port 0 in External Bus | 9 75 Vo NAF BOA 

Mode, ALE, PSEN) Sa a 

| ~0.9VCC V|IOH= —40uA (Note 2) 

NL Logical 0 Input Current — 50 HA |Vin = 0.45V 

(Ports 1, 2, 3) 
ITL Logical 1 to 0 transition — 500 LA |Vin = 2.0V 

Current (Ports 1, 2, 3) 

Input Leakage Current +10 MwA |0.45< Vin<Vcc 

(Port 0, EA) 
Cio Pin Capacitance a aa test freq = 1 MHz, Ta=25°C 
IPD Power Down Current a ee Vcc = 2 to 6V (Note 3) 


Maximum Operating Icc (mA) (note 4) 


Vcc 4V 5V 6V 
Freq. 
0.5 MHz 1.6 2.2 3 
3.5 MHz 4.3 5.7 7.5 
8 MHz 8.3 11 14 
12 16 20 


12 MHz 
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Maximum Idle Ic¢¢ (mA) (note 5). 


Vcc 4V SV 6V 
Freq. 
0.5 MHz 0.6 0.9 1.2 
3.5 MHz 1.1 1.6 2.2 
8 MHz 1.8 2.7 3.7 
12 MHz 2.5 3.7 5 
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ntel = —  80C31BH/80C31BH-2 ADVANCE INFORMATION 


Note 1: Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo,s of ALE, and 
Ports 1 and 3. The noise is due to the external bus capacitance discharging into the Port 0 and Port 2 pins when 
these pins make a 1-to-0 transition during bus operations. In the worst case (capacitive loading > 100 pF), the noise 
pulse on ALE line may exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use 
an address latch with a Schmitt Trigger STROBE input. 


Note 2: Capacitive loading on Ports 0 and 2 may cause the Voy on ALE and PSEN to momentarily fall below the .9Vcc 
specification when the address bits are stabilizing. 


Note 3: Power Down icc is measured with all output pins disconnected; EA= PORTO = Vcc; XTAL2 N.C.; RST=Vss. 


Note 4: Icc is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 10 ns, Vjj=Vss+.5v, 
Vin= Voc — .5v; XTAL2 N.C.; EA=RST=PORTO=Vcc. 


Note 5: Idle Icc is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 10 ns, Vj =Vss+.5v, 
Vin= Voc — .5v; XTAL2 N.C.; EA=PORTO=Vcc; RST=Vss. 


A.C. CHARACTERISTICS (Ta = 0°C to 70°C; Vss = OV; Voc = 5V + 20%; 
| _Load Capacitance for Port 0, ALE, and PSEN = 100 pF, Load Capacitance for 
All Other Outputs = 80 pF) 


EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 


a a a 
| 1/TCLCL | Oscillator Freq (80C51BH) | | 
a | Oscillator Freq (80C51BH-2) 

ALE Pulse Width 

Address Valid to ALE Low 

Address Hold After ALE Low _ 
ALE Low to Valid Instr In 


TLLPL ALE Low to PSEN Low | 
_ TPLPH PSEN Pulse Width 


a 
jercicl-100| 
a Os 
| Data Hold After RD 0 ee 
| TRHDZ | DataFloataterAD || TCL ~70 
ALE Low to Valid Data In | 8TCLCL - 150 
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EXTERNAL PROGRAM MEMORY READ CYCLE 


<—TLHLL —— 


ALE 
> TAVLL— | <——_-—> TPLPH 
TLLPL 
TLLIV 
TPLIV 
PSEN 
TPXAV 
TPXIZ j= 
TPXIX —>| |= 


PORT 2 


EXTERNAL DATA MEMORY READ CYCLE 


TWHLH 


ALE 
PSEN 
TLLDV 
-—- TLLWL ——> | + TRL RH 
AD 
TRHDZ 
TAVLL 
TRHDX | |= 
\\\\ A0-A7 INSTR 
PORT 0 DATA IN TTT] FROM PCL IN 


TAVDV —___—_____----- 


PORT 2 ( P2.0-P2.7 OR A8-A15 FROM DPH A8-A15 FROM PCH 


; os 80C51BH/80C51BH-2 | 
nto! 80C31BH/80C31BH-2 ADVANCE INFORMATION 


A.C. CHARACTERISTICS | 


EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS (Continued) 
Parameter 


Data Valid to WR Transition 


Data Valid to WR High 


Tne 
: Tre 


TCLCH Rise Time 
| TCHCL Fall Time 
EXTERNAL CLOCK DRIVE 


EXTERNAL 
OSCILLATOR 
SIGNAL 


EXTERNAL 
OSCILLATOR 
SIGNAL 
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EXTERNAL DATA MEMORY WRITE CYCLE 


TQVWX 


+ TLLAX-+| | <— TavwH-——_—_—_________—+ me 
i] 


AO - A7 / AO - A7 
(| FROM Ri OR DPL ‘a DATA OUT ie FROM PCL 


TAVWL 


( P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH 


SERIAL PORT TIMING — SHIFT REGISTER MODE 


A.C. CHARACTERISTICS: (Ta = 0°C to 70°C; Vss = OV; Voc = 5V + 20%; 
Load Capacitance = 80 pF) 


Symbol__| Parameter | Min. | Max 
TXLXL | Serial Port Clock Cycle Time eTctcL | sds 
TQVXH Output Data Setup to Clock Rising Edge 1OTCLCL — 133 Pt ons | 
10TCLCL-133] ns | 


TXHQX. Output Data Hold After Clock Rising Edge 2TCLCL — 117 
TXHDX Input Data Hold After Clock Rising Edge 
TXHDV Clock Rising Edge to Input Data Valid 


SHIFT REGISTER TIMING WAVEFORMS 


—— 


nn ravxn-oe| j~<- TXHQX | 
coma Bi i Ge CTS SIE TD GRTE: GW, 


WRITE TO SB8UF 


INPUT DATA 


CLEAR RI 
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Table 2. MCS®-51 Instruction Set Description 


| ARITHMETIC OPERATIONS 


Mnemonic. Description Byte Cyc 
ADD A,Rn Add register to 
Accumulator 
ADD A.direct Add direct byte to 
Accumulator 
ADD A,@Ri Add indirect RAM to 
Accumulator 
A,#data Add immediate data to 
Accumulator 
A,Rn Add register to 
. Accumulator with Carry 
A, direct Add direct byte toA 
with Carry flag 
A,@Ri Add indirect RAM toA 
with Carry flag 
A,#data Add immediate data to 
A with Carry flag 
A,Rn Subtract register from A 
with Borrow 
A,direct Subtract direct byte 
from A with Borrow 
A,@Ri Subtract indirect RAM 
from A with Borrow 
Subtract immed data 
from A with Borrow 
Increment Accumulator 
Increment register 
Increment direct byte 
Increment indirect RAM 
Increment Data Pointer 
Decrement Accumulator 
Decrement register 
Decrement direct byte 
Decrement indirect 
RAM 
Multiply A&B 
Divide A by B 
Decimal Adjust 
Accumulator 


LOGICAL OPERATIONS 


Mnemonic Destination 
ANL A,Rn __ AND register to 
Accumulator 
ANL A,direct AND direct byte to 
Accumulator . 
ANL A,@Ri > AND indirect RAM to 
| Accumulator 
ANL  A,#data AND immediate data to 
Accumulator 
ANL direct,A AND Accumulator to 
direct byte 
ANL direct,#data AND immediate data to 
direct byte 
ORL A,Rn OR register to 
Accumulator | 
ORL = A.direct OR direct byte to 
Accumulator 


ORL 


}ORL 


ORL 


ORL 


XRL 


XRL 


XRL 


XRL 


XRL 


XRL 


MOV 


MOV 
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LOGICAL OPERATIONS (CONTINUED) 
Mnemonic 


A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 


direct, #data 


CLR A 

CPL A 

RL A 

RLC A 

RR A 

RRC A 

SWAP A 

DATA TRANSFER 
Mnemonic. 

MOV A,Rn 
MOV A,direct 
MOV AQ@Ri 
MOV A,#data 
MOV RnA 
MOV Rn,direct 
MOV Rn,#data 
MOV _ direct,A 
MOV _ direct,Rn 


direct,direct 


direct,@Ri 


Destination 

OR indirect RAM to 
Accumulator 

OR immediate data to 
Accumulator | 

OR Accumulator to 
direct byte 

OR immediate data to 
direct byte 
Exclusive-OR register to 
Accumulator 
Exclusive-OR direct 
byte to Accumulator 
Exclusive-OR indirect 
RAM toA. © 
Exclusive-OR 
immediate data to A 
Exclusive-OR Accumu- 
lator to direct byte 
Exclusive-OR im- 
mediate data to direct 
Clear Accumulator 
Complement 
Accumulator 

Rotate Accumulator Left 
Rotate A Left through 
the Carry flag 

Rotate Accumulator 
Right 

Rotate A Right through 
Carry flag 

Swap nibbles within the 
Accumulator 


Description 

Move register to 
Accumulator 

Move direct byte to 
Accumulator . 
Move indirect RAM to 
Accumulator 

Mov immediate data to 
Accumulator 

Move Accumulator to 
register 

Move direct byte to 
register 

Move immediate data to 
register | 

Move Accumulator to 
direct byte 

Move register to direct 
byte 

Move direct byte to 
direct 

Move indirect RAM to 
direct byte 


ADVANCE INFORMATION 


Byte Cyc 


2 61 
2 1 
3 2 
1 1 
2 1 
1 1 
2 1 
2 #1 

2 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Byte Cyc 

1 1 
2 1 
1 1 
2 1 
1 1 
2 2 
2 1 
2 1 
2 +2 
3.2 


intel’ 
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Table 2. MCS®-51 Instruction Set Description (Continued) 


DATA TRANSFER (CONTINUED) 
Mnemonic 


MOV 
MOV 
MOV 
MOV 
MOV 
MOVC 
MOVC 
MOVX 
MOVX 
MOVX 
MOVX 
PUSH 
POP 
XCH 
XCH 
XCH 


XCHD 


direct, #data 
@Ri,A 
@Ri,direct 


@Ri,#data 


Description 

Move immediate data td 
direct byte 

Move Accumulator to 
indirect RAM 

Move direct byte to 
indirect RAM 

Move immediate data to 
indirect RAM 


DPTR,#data16 Load Data Pointer with 


A,@A+DPTR 
A,@A+PC 


A,@Ri 


A,@DPTR 


@Ri,A 
@DPTR,A 
direct 
direct 
A,Rn 

A, direct 
A,@Ri 


A,@Ri 


a 16-bit constant 

Move Code byte relative 
toDPTRtoA 

Move Code byte relative 
toPCtoA 

Move External RAM (8- 
bit addr) toA 

Move External RAM (16- 
bit addr) toA 

Move A to External RAM 
(8-bit addr) 

Move A to External RAM 
(16-bit addr) 
Push direct byte onto 
stack 

Pop direct byte from 
stack 

Exchange register with 
Accumulator 

Exchange direct byte 
with Accumulator 
Exchange indirect RAM 
with A 

Exchange low-order 
Digit ind RAMWA 


| BOOLEAN VARIABLE MANIPULATION 
Mnemonic 


CLR 
CLR 

| SETB 
SETB 
CPL 
CPL 
ANL 


ANL 


ORL 


ORL 


MOV 


MOV 


C 

bit 

C 

bit 

C 

bit 
C,bit 


C,/bit 
C/bit 

C,/bit 
C,/bit 


bit,C 


Description 
Clear Carry flag 
Clear direct bit 
Set Carry flag 
Set direct Bit 


Complement Carry flag 
‘ Complement direct bit 


AND direct bit to Carry 
flag 

AND complement of 
direct bit to Carry 

OR direct bit to Carry 
flag 

OR complement of 
direct bit to Carry 


Move direct bit to Carry ~ 


flag 
Move Carry flag to 
direct bit 


Byte Cyc 
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PROGRAM AND MACHINE CONTROL 


Mnemonic Description Byte Cyc 
ACALL addr11 Absolute Subroutine 

Call 2 2 
LCALL addr16 Long Subroutine Call 3 2 
RET Return from subroutine 1 2 
RETI Return from interrupt 1 2 
AJMP addr11 Absolute Jump 2 2 
LUMP addr16 Long Jump 3 2 
SJMP rel Short Jump (relative 

addr) 2 2 
JMP @A+DPTR ~— Jump indirect relative to 

the DPTR 1 2 
JZ rel Jump if Accumulator is 

Zero 2 2 
JNZ rel Jump if Accumulator is 

Not Zero 2 2 
JC rel Jump if Carry flagisset 2 2 
JNC - rei Jump if No Carry flag 2 2 
JB bit,rel Jump if direct Bit set 3 2 
JNB bit,rel Jump if direct Bit Not 

set 3 2 
JBC bit,rel Jump if direct Bit is set 

& Clear bit 3 2 
CJNE A,direct,rel Compare direct toA & 

Jump if Not Equal 3 2 
CJNE A,#data,rel Comp, immed, toA & 

Jump if Not Equal 3 2 
CJNE Rn,#data,rel Comp, immed, to reg & 

Jump if Not Equal 3 2 

CJNE @Ri,#data,rel Comp, immed, to ind, & 

Jump if Not Equal 3 2 
DJNZ_ Rn,rel Decrement register & 

Jump if Not Zero 2 2 
DJNZ _ direct,rel Decrement direct & 

Jump if Not Zero 3 2 


No operation 


Notes on data addressing modes: 

Rn —Working register RO-R7 

direct —128 internal RAM locations, any I/O port, 
control or status register ; 

@Ri —Indirect internal RAM location addressed by 
register RO or R1 

#data —8-bit constant included in instruction 

#data16 —16-bit constant included as bytes 2 & 3 of 

Instruction 

—128 software flags, any !/O pin, control or 

status bit 


Notes on program addressing modes: 

addr16 —Destination address for LCALL & LUMP may 
be anywhere within the 64-K program 
memory address space 

—Destination address for ACALL & AJMP will be 
within the same 2-K page of program 
memory as the first byte of the following 
instruction 

—SJMP and all conditional jumps include an 8- 
bit offset byte, Range is +127-128 bytes relative 
to first byte of the following instruction 


All mnemonics copyrighted © Intel Corporation 1979 


bit 


Addr11 


rel 
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Table 3. Instruction Opcodes in Hexidecimal Order 


Hex Number Mnemonic Operands 
Code ofBytes— 


Hex Number Mnemonic Operands 
Code of Bytes 


00 NOP A 
AJMP code addr A,#data 
LUMP code addr A,data addr 
RR A A,@RO 
INC A A,@R1 
INC data addr A,RO 
INC @RO A,R1 
INC @R1 A,R2 
INC RO A,R3 
INC R1 A,R4 
INC R2 A,R5 
INC R3 A,R6 
INC R4 A,R7 
INC R5 code addr 
INC R6 code addr 
INC R7 data addr,A 
JBC bit addr, code addr data addr,#data 


ACALL code addr 
LCALL code addr 


A,#data 
A,data addr 


RRC A A,@RO 
DEC A A,@R1 
DEC data addr A,RO 

DEC @RO A,R1 

DEC @R1 A,R2 

CEC RO A,R3 

DEC R1 A,R4 

DEC R2 A,R5 

DEC R3 A,R6 

DEC R4 A,R7 

DEC R5 code addr 
DEC R6 code addr 
DEC R7 data addr,A 
JB bit addr, code addr data addr, #data 
AJMP code addr A,#data 
RET A,data addr 
RL A A,@RO 
ADD A,#data A@Ri1 

ADD A,dataaddr +: A,RO 

ADD A,@RO A,R1 

ADD A,@R1 A,R2 
ADD A,RO A,R3 
ADD A,R1 A,R4 

ADD A,R2 A,R5 

ADD -A,R3 A,R6 
~ADD A,R4 A,R7 

ADD A,R5 code addr 
ADD A,R6 code addr 
ADD A,R7 data addr.A 
JNB bit addr, code addr data addr,#data 


ACALL code addr A,#data 


A,data addr 


3] M9) OA = 2 a oe eo oe eo on ODM H]H HN WH Heer sere asses ser oe MO HH WNW HH Hw Bsees ase we est eH HH] WD = 


4-22 


a 80C51BH/80C51BH-2 
intel 80C31BH/80C31BH-2 ADVANCE INFORMATION 


Table 3. Instruction Opcodes in Hexidecimal Order (Continued) 


Hex Number Mnemonic Operands Hex Number Mnemonic Operands 
Code of Bytes Code of Bytes 


A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
C,bit addr 
@A+DPTR 
A,#data 
data addr,#data 
@RO,#data 
@R1,#data 
RO,#data 
R1,#data 
R2,#data 
R3,#data 
R4,#data 
R5,#data 
R6,#data 
R7,#data 
code addr 
code addr 
C,bit addr 
A,@A+PC 
AB 

data addr, data addr 
data addr,@RO 
data addr,@Rt 
data addr,RO 
data addr,R1 
data addr,R2 
data addr,R3 
data addr,R4 
data addr,R5 
data addr,R6 
data addr,R7 
DPTR,#data 
code addr 
bit addr,C 
A,@A+DPTR 
A,#data 
A,data addr 
A,@RO 
A,@R1 

A,RO 


SUBB A,R1 

SUBB A,R2 

SUBB A,R3 

SUBB A,R4 

SUBB A,R5 

SUBB A,R6 

SUBB A,R7 

ORL C,/bit addr 

AJMP code addr 

MOV C,bit addr 

INC DPTR 

MUL AB 

reserved 

MOV @RO0,data adr 

MOV @R1,data addr 
MOV RO,data addr 

MOV R1,data addr 

MOV R2,data addr 

MOV R3,data addr 

MOV R4,data addr 

MOV R5,data addr 

MOV R6,data addr 

MOV R7,data addr 

ANL C,/bit addr 

ACALL code addr 

CPL bit addr 

CPL C 

CJUNE A,#data,code addr 
CJUNE A,data addr,code addr 
CJNE @R0,#data,code addr 
CJNE @R1,#data,code addr 
CJNE RO,#data,code addr 
CJUNE R1,#data,code addr 
CJNE R2,#data,code addr 
CJUNE R3,#data,code addr 
CJNE R4,#data,code addr 
CJNE R5,#data,code addr 
CJUNE R6,#data,code addr 
CJUNE R7,#data,code addr 
PUSH data addr 

AJMP code addr 

CLR bit addr 

CLR C 

SWAP A 

XCH A,data addr 

XCH _ A,@RO 

XCH A,@R1 

XCH A,RO 

XCH A,R1 

XCH A,R2 

XCH A,R3 


—|— — —O WR PHO =a = |= Ss Ss os a 


ake 
{ 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 2 
2 2 
3 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 1 
2 3 
2 3 
1 3 
1 3 
3 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 2 
2 2 
2 2 
3 1 
2 1 
2 2 
1 

2 

2 

1 

1 

1 


a oo ae Se SY 
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Table 3. Instruction Opcodes in Hexidecimal Order (Continued) 


Hex Number Mnemonic Operands Hex Number Mnemonic - Operands 
Code ofBytes | Code of Bytes 


MOV A,@RO 


CC 1 XCH A,R4 1 

CD 1 XCH A,R5 1 MOV | A,@R1 
CE 1 XCH A,R6 1 MOV A,RO 

CF 1 XCH A,R7 1 MOV ARI 

DO 2 POP data addr 1 MOV A,R2 

D1 2 ACALL code addr 1 MOV A,R3 

D2 2 SETB bit addr 1 MOV A,R4 

D3 1 SETB C 1 MOV A,R5 

D4 4 DA A 1 MOV A,R6 

D5 3 DJNZ data addr,code addr 1 MOV A.R7 

D6 1 XCHD A,@RO 1 ~MOVX @DPTR,A 
D7 1 XCHD A,@R1 2 ACALL code addr 
D8 2 DJNZ RO,code addr 1 MOVX @RO0,A 
D9 2 DJNZ R1,code addr 1 MOVX @R1,A 
DA 2 DJNZ R2,code addr 1 CPL A 

DB 2 DJNZ R3,code addr 2 MOV data addr,A 
DC 2 DJNZ R4,code addr 1 MOV @RO0,A 
DD 2 DJNZ R5,code addr 1 MOV @R1,A 
DE 2 DJNZ R6,code addr 1 MOV ROA 

DF 2 DJUNZ R7,code addr 1 MOV R1,A 

EO 1 MOVX A,@DPTR 1 MOV R2,A 

E1 2 AJMP - code addr 1 MOV R3,A 

E2 1 MOVX A,@RO 1 MOV R4,A 

F3 1 MOVX A,@R1 1 MOV R5,A 

E4 1 CLR A 1 MOV R6,A 

E5 2 1 


MOV A,data addr 


MOV R7,A 
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Microprocessors 


16-Bit CHMOS Microprocessor 


m Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 


m@ Pin-for-Pin and Functionally Compatible 
to Industry Standard HMOS 8086 


m@ Fully Static Design with Frequency 


Range from D.C. to: 
— 5 MHz for 80C86 
— 8 MHz for 80C86-2 


m Low Power Operation 


— Operating Icc = 10 mA/MHz 
— Standby Iccs = 500 vA max 


80C86/80C86-2 


PRELIMINARY 


m 24 Operand Addressing Modes 
m Byte, Word and Block Operations 
m 8 and 16-Bit Signed and Unsigned 


Arithmetic 
— Binary or Decimal 
— Multiply and Divide 


= Bus-Hold Circuitry Eliminates Pull-Up 


Resistors 


m Direct Addressing Capability of 


1 MByte of Memory 


The Intel 80C86 is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. It is 
available in 5 MHz clock rate and will be available in 8 MHz clock rate in the 2nd half of 1985. The 80C86 
offers two modes of operation: MINimum for small systems and MAXimum for larger applications such as 
multi-processing. It is available in 40-pin DIP and will be available in 44-pin plastic leaded chip carrier (PLCC) 


package in the 2nd half of 1985. 


EXECUTION UNIT BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE REGISTER FILE 


SEGMENT 
REGISTERS 


| POINTER AND AND 
INDEX INSTRUCTION 
(@ WORDS) INT 
(6 WORDS) 


o 
Rae 
Ps 
he? 
Qo 
oa 


1€-BIT ALU 
FLAGS 


CLK RESET READY MN/MX GND 
Vv, 


231200-1 
Figure 1. 80C86 
CPU Block Diagram 


GNb (]1 40 [) Voc 

AD14 39 Ants 

AD13 38 [) A16/S3 

A012 (J 3 A17/S4 

api A18/S5 

Ad10 (J A19/S6 

Apo (] BHEIS7 

AD8 MNIMX 

Ao7 RD 

AD6 RQ/GTO (HOLD) 

ADS5 RQ/GT1 (HLDA) 

Apa ( LOCK (WA) 

AD3 | $2 (Mi) 

AD2 (1) $1 (DT/R) 

ani SO (DEN) 

Ado ( QSO_ (ALE) 

NMI (J QS1_—(INTA) 

INTR [J TEST 

CuK ( 221) READY 

GND (] 211) RESET 
231200-2 


Figure 2a. 80C86 
40-Lead DIP Configuration 


a 
231200-3 

Figure 2b. 80C86 

44-Lead PLCC Configuration 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. December 1984 


© Intel Corporation, 1984 
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Table 1. Pin Description 


The following pin function descriptions are for 80C86 systems in either minimum or maximum mode. The 
“Local Bus” in these descriptions is the direct multiplexed bus interface connection to the 8OC86 (without 
regard to additional bus buffers). 


Name and Function 


ADDRESS DATA BUS: These lines constitute the time multiplexed 
memory/IO address (T;) and data (To, T3, Tw, T4) bus. Ao is 

analogous to BHE for the lower byte of the data bus, pins D7-Dp. It 
is LOW during T; when a byte is to be transferred on the lower 
portion of the bus in memory or I/O operations. Eight-bit oriented 
devices tied to the lower half would normally use Ag to condition 
chip select functions. (See BHE.) These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus 
“hold acknowledge.” 


ADDRESS/STATUS: During T; these are the four most significant 
address lines for memory/operations. During I/O operations 
these lines are LOW. During memory and I/O operations, 

status information is available on these lines during To, T3, Tw, 
and T4. The status of the interrupt enable FLAG bit (Ss) is updated 
at the beginning of each CLK cycle. A;7/S,4 and Aj¢6/S3 are 
encoded as shown. 


This information indicates which relocation register is presently 
being used for data accessing. 


These lines float to 3-state OFF during local bus “‘hold 
acknowledge.’’ 


A17/S4 Aig/S3 Characteristics 


0 (LOW) | 0 Alternate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
S6 isO 

(LOW) 


BUS HIGH ENABLE/STATUS: During T; the bus high enable signal 
(BHE) should be used to enable data onto the most significant half. 
| of the data bus, pins D;5—Dg. Eight-bit oriented devices tied to the 
upper half of the bus would normally use BHE to condition chip 
select functions. BHE is LOW during T, for read, write, and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The S7 status information is available during To, 
T3, and T,. The signal is active LOW, and floats to 3-state OFF in 
“hold.” It is LOW during T, for the first interrupt acknowledge cycle. 


Characteristics 


Whole word 
Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 
None 
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INTR 


NMI 
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Table 1. Pin Description (Continued) 


Type 
O 


Name and Function 


READ: Read strobe indicates that the processor is performing a 
meory of |/O read cycle, depending on the state of the So pin. This 
signal is used to read devices which reside on the 80C86 local bus. 
RD is active LOW during To, T3 and Tw of any read cycle, and is 
guaranteed to remain HIGH in T> until the 80C86 local bus has 
floated. 


This floats to 3-state OFF in ‘hold acknowledge.” 


READY: is the acknowledgement from the addressed memory or 
1/O device that it will complete the data transfer. The READY signal 
from memory/IO is synchronized by the 82C84A Clock Generator 
to form READY. This signal is active HIGH. The 80C86 READY 
input is not synchronized. Correct operation is not guaranteed if the 
setup and hold times are not met. 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software 
resetting the interrupt enable bit. INTR is internally synchronized. 
This signal is active HIGH. 


TEST: input is examined by the ‘‘Wait” instruction. If the TEST input 
is LOW execution continues, otherwise the processor waits in an 
“Idle” state. This input is synchronized internally during each clock 
cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: an edge triggered input which 
Causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input 
is internally synchronized. 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the Instruction Set 
description, when RESET returns LOW. RESET is internally 


| synchronized. 


CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 


Vcc: + 5V power supply pin. 
GROUND 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 
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Table 1. Pin Description (Continued) 


The following pin function descriptions are for the 80C86/82C88 system in maximum mode (7 
MN/MX= Vss). Only the pin functions which are unique to maximum mode are described, all other pin func- 
tions are as described above. 


Semel Pe. Type | ___NerweanciFuncton__| 


STATUS: active during T4, T;, and To and is returned to the passive 
state (1,1,1) during T3 or during Tw when READY is HIGH. This 
status is used by the 82C88 Bus Controller to generate all memory 
and |/O access control signals. Any change by So, $1, So during T, 
is used to indicate the beginning of a bus cycle, and the return to the 


passive state in T3 or Tw is used to indicate the end of a bus cycle. 


These signals float to 3-state OFF in “hold acknowledge.”’ These 
status lines are encoded as shown.. 


(SS [8 [Characteristics 


0 0. Interrupt 
Acknowledge 
0 1 Read I/O Port 
1 0 Write I/O Port 
1 1 Halt 
0 0 Code Access 
0 1 Read Memory 
1 0 Write Memory 
1 1 Passive 


REQUEST/GRANT: pins are used by other local bus masters to 
force the processor to release the local bus at the end of the 
processor’s current bus cycle. Each pin is bidirectional with RQ/GTo 
having higher priority than RQ/GT;. RQ/GT has an internal pull-up 
resistor so may be left unconnected. The request/grant sequence is 
as follows (see Figure 9): 


1. A pulse of 1 CLK wide from another local bus master indicates a 
local bus request (‘‘hold”’) to the 80C86 (pulse 1). 

2. During a T4 or T; clock cycle, a pulse 1 CLK wide from the 80C86 
to the requesting master (pulse 2), indicates that the 80C86 has 
allowed the local bus to float and that it will enter the “hold 
acknowledge”’ state at the next CLK. The CPU’s bus interface unit is 
disconnected logically from the local bus during “hold 
acknowledge.”’ 

3. A pulse 1 CLK wide from the requesting master indicates to the 
80C86 (pulse 3) that the “hold” request is about to end and that 
80C86 can reclaim the local bus at the next CLK. 


Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead CLK cycle after each bus exchange. 
Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it 
will release the local bus during T4 of the cycle when all the following 
conditions are met: 


1. Request occurs on or before To. 
2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge ofa an interrupt 
acknowledge sequence. 

4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 


| Symbol | PinNo. | Type | Name and Function 


al If the local bus is idle when the request is made the two possible 


events will follow: 


1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 


LOCK: output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is activated by the “LOCK” prefix instruction and remains 
active until the completion of the next instruction. This signal is active 
LOW, and floats to 3-state OFF in “hold acknowledge.” 


QUEUE STATUS: The queue status is valid during the CLK cycle 
after which the queue operation is performed. 

QS; and QSp provide status to allow external tracking of the internal 
80C86 instruction queue. 


0 (LOW) 
0 
1 (HIGH) 


No Operation 
First Byte of Op Code from Queue 
Empty the Queue 

Subsequent Byte from Queue 


The following pin function descriptions are for the 8OC86 in minimum mode (i.e., MN/MX= Vcc). Only the pin 
functions which are unique to minimum mode are described; all other pin functions are described above. 


M/1O 28 STATUS LINE: logically equivalent to Ss in the maximum mode. It 
is used to distinguish a memory access from an |/O access. M/IO 
becomes valid in the T4 preceding a bus cycle and remains valid 
until the final T4 of the cycle (M=HIGH, IO =LOW). M/IO floats to 
3-state OFF in local bus “hold acknowledge.” 


WR WRITE: indicates that the processor is performing a write memory 
or write |/O cycle, depending on the state of the M/IO signal. WR is 
active for To, T3 and Tw of any write cycle. It is active LOW, and 
floats to 3-state OFF in local bus “hold acknowledge.” 


INTA INTA is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during To, T3 and Tw of each interrupt acknowledge 
cycle. 


ALE ADDRESS LATCH ENABLE: provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
T; of any bus cycle. Note that ALE is never floated. 


DT/R 27 DATA TRANSMIT/RECEIVE: needed in minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically DT/R is 

| | . equivalent to S; in the maximum mode, and its timing is the same 
as for M/IO. (T= HIGH, R=LOW.) This signal floats to 3-state OFF 
in local bus ‘“‘hold acknowledge.”’ 
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Table 1. Pin Description (Continued) 


Name and Function * 
DATA ENABLE: provided as an output enable for the transceive in 


a minimum system which uses the transceiver. DEN is active LO'V 
during each memory and I/O access and for INTA cycles. For a 
read or INTA cycle it is active from the middle of Ts until the midc ‘e 
of T4, while for a write cycle it is active from the beginning of To 
until the middle of T4. DEN floats to 3-state OFF in local bus ‘“‘hol J 


DEN | 26 

acknowledge.” 
HOLD, 31, 30 1/0 
HLDA 


HOLD: indicates that another master is requesting a local bus 
“hold.” To be acknowledged, HOLD must be active HIGH. The 


processor receiving the ‘“‘hold’’ request will issue HLDA (HIGH) a : 
an acknowledgement in the middle of a T; clock cycle. 
Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being 
LOW, the processor will LOWer the HLDA, and when the proces: or 
needs to run another cycle, it will again drive the local bus and 


control lines. 


The same rules as for RQ/GT apply regarding when the local bus 


will be released. 


HOLD is not an asynchronous input. External synchronization 
should be provided if the system cannot otherwise guarantee the 


setup time. 


FUNCTIONAL DESCRIPTION 


STATIC OPERATION 


All 80C86 circuitry is of static design. Internal regis- 


ters, counters and latches are static and require no | 


refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 80C86 
can operate from DC to the appropriate upper fre- 
quency limit. The processor clock may be stopped in 
either state (high/low) and held there indefinitely. 
This type of operation is especially useful for system 
debug or power critical applications. 


The 80C86 can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 


Static design also allows very low frequency opera- 
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
80C86 power dissipation is directly related to operat- 
ing frequency. As the system frequency is reduced, 
so is the operating power until, ultimately, at a DC 


input frequency, the 80C86 power requirement is the. 


Standby current (500 »A maximum). 


neni 


INTERNAL ARCHITECTURE 


- The internal functions of the 80C86 processor are 


partitioned logically into two processing units. he 
first is the Bus Interface Unit (BIU) and the secor dis 
the Execution Unit (EU) as shown in the biock fia. 
gram of Figure 1. 


These units can interact directly but for the n ost 
part perform as separate asynchronous operati nal 
processors. The bus interface unit provides the ft nc- | 
tions related to instruction fetching and queuing, dp- 
erand fetch and store, and address relocation. his 
unit also provides the basic bus control. The ove lap 
of instruction pre-fetching provided by this init 
serves to increase processor performance thro ‘yh 
improved bus bandwidth utilization. Up to 6 byte . of 
the instruction stream can be queued while we ii g 
for decoding and execution. 


The instruction stream queuing mechanism a. \ § 
the BIU to keep the memory utilized very efficie: .y 
Whenever there is space for at least 2 bytes,  +¢ 
queue, the BIU will attempt a word fetch mv 
cycle. This greatly reduces “dead time’ cr > 
memory bus. The queue acts as a First-In-Fi.s 1 


_ (FIFO) buffer, from which the EU extracts inst 


bytes as required. If the queue is empty (follo 
branch instruction, for example), the first by 
the queue immediately becomes available to 


Memory Segment Register 
Reference Need Used 


STACK (SS) 


Local Data DATA (DS) 


External (Global) Data 


The execution units receives pre-fetched instruc- 
tions from the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 


MEMORY ORGANIZATION 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as OQOOO0(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 


CODE SEGMENT 


XXXXOH 


| STACK SEGMENT 


SEGMENT 


F 
REGISTER FILE | DATA SEGMENT 


| EXTRA DATA SEGMENT 


Commend OOOOH 
231200-4 


Figure 3a. Memory Organization 
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CODE (CS) Automatic with all instruction prefetch. 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 


PRELIMINARY 


Segment 
Selection Rule 


All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing rieeds of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same !ogical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 


Physically, the memory is organized as a high bank 
(D;5-Dg) and a low bank (D7-Dpo) of 512k 8-bit 
bytes addressed in parallel by the processor’s ad- 
dress lines. 


A19—-Aj. Byte data with even addresses is trans- 
ferred on the D7-Dg bus lines while odd addressed 
byte data (Ag HIGH) is transferred on the D;5—Dg 
bus lines. The processor provides two enable sig- 
nals, BHE and Ao, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad- 
dress, respectively. Consequently, in referencing . 


rte 


word operands performance can be optimized by lo- 
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt proc- 
essing or task multiplexing. 


Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from ad- 
dress FFFFOH through FFFFFH are reserved for op- 
erations including a jump to the initial program load- 
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be. Locations O0000H through OO3FFH are re- 
served for interrupt operations. Each of the 256 pos- 
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 


FFFFFH 


RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 
e 
INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 0 


Figure 3b. Reserved Memory Locations 
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MINIMUM AND MAXIMUM MODES 


The requirements for supporting minimum and maxi- 
mum 80C86 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 80C86 is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MxX pin is strapped to GND, the 
80C86 treats pins 24 through 31 in maximum mode. 
An 82C88 bus controller interprets status informa- 
tion coded into So, S;, Sa to generate bus timing and 
control signals compatible with the MULTIBUS® ar- 
chitecture. When the MN/MxX pin is strapped to Vcc. 
the 80C86 generates bus control signals itself on 
pins 24 through 31, as shown in parentheses in Fig- 
ure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 


BUS OPERATION 


The 80C86 has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor while permitting the use of a 
standard 40-lead package. This “local bus” can be 
buffered directiy and used throughout the system | 
with address latching provided on memory and |/O |. 
modules. In addition, the bus can also be demulti- 
plexed at the processor with a single set of address 


latches if a standard non-multiplexed bus is desired 
-for the system. | 


5-8 


Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T;, To, T3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T; and data transfer occurs on the 
bus during T3 and T4. To is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a “NOT READY” indication is given 
by the addressed device, “‘Wait’’ states (Tw) are in- 
serted between T3 and Ty. Each inserted ‘‘Wait” 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C86 bus cycles. These are 
referred to as “Idle” states (T;) or inactive CLK cy- 
cles. The processor uses these cycles for internal 
housekeeping. 


During T; of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 
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B2C84A 


CLOCK 


r 
| DEN 
| WAIT 

STATE 
| Generator | 80C86 CPU 
1 _j ALE 


AD,-AD,. 
Aig-Aig 


BHE 


aa IT a 


FOR INCREASED 
DATA BUS DRIVE 


51C67 SRAM(4) 


(2) (2) 
2K x 8 2K x8 


27C64 EPROM(2) 


PERIPHERAL 
DEVICE 


231200-6 


Figure 4a. Minimum Mode iAPX 80C86 Typical Configuration 


82C84 
CLOCK & 
GENERATOR So 
S$; 


S2 


WAIT 
STATE 
GENERATOR 


| 
festa ae 


GND — 


ADDRIDATA 


OE 


TRANSCEIVER 
(2) 


CSOn CSO. WE 00 


“51087 SRAM(4) 


. (2) (2) 
2K x8 2K x8 


231200-7 


Figure 4b. Maximum Mode 80C86 Typical Configuration 
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(4 + Nwair) = Toy 


| Twart | . 


ALE 


ADDR/ 
STATUS 


BUS RESERVED D1s-Do 
ADDR/DATA FOR DATA IN VALID 
: 


RO,INTA uy 


READY 


WAIT 


oR 


~<+—-—— MEMORY ACCESS TIME ———> 
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a —— (4 + Narr) = Toy 


T; | T2 | T3 | Twait | T4 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO Ta 


se 


READY 


Mf 


car 


WAIT 


231200-8 


Figure 5. Basic System Timing 


Status bits So, S;, and So are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 


Characteristics 


Interrupt Acknowledge 
Read I/O . 
Write |/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


Status bits S3 through S7 are multiplexed with high- 
order address bits and the BHE signal, and are 


therefore valid during Ts through T4. S3 and Sz, indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: | 


Characteristics 


0 (LOW Alternate Data (extra segment 
0 3 Stack : 
1 (HIGH) Code or None 


1 Data 


Ss is a reflection of the PSW interrupt enable bit. 
Sg=0 and S7 is a space status bit. 
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I/O ADDRESSING 


In the 80C86, I/O operations can address up to a 
maximum of 64k I/O byte registers or 32k I/O word 
registers. The I/O address appears in the same for- 
mat as the memory address on bus lines Ay5—Ao. 
The address lines Aj9—A46 are zero in I/O opera- 
tions. The variable I/O instructions which use regis- 
ter DX as a pointer have full address capability while 
the direct 1/O instructions directly address one or 
two of the 256 I/O byte locations in page 0 of the 
|/O, address space. 


I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the D7—Dg bus lines and odd addressed 
bytes on D;5—Dg. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 


EXTERNAL INTERFACE 


PROCESSOR RESET AND INITIALIZATION 


Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 80C86 
RESET is required to be HIGH for greater than 4 
CLK cycles. The 80C86 will terminate operations on 
the high-going edge of RESET and will remain dor- 
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se- 


‘“PULL-UP/PULL-DOWN” 


EXTERNAL 
PIN 


INPUT 
#PROTECTIONE 
CIRCUITRY 
231200-24 

Input Buffer exists only on I/O pins 


Figure 6a. Bus hold circuitry pin 2-16, 34-39. 
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quence for approximately 10 CLK cycles. After this 
interval the 80C86 operates normally beginning with 
the instruction in absolute location FFFFOH (see Fig- 
ure 3b). The details of this operation are specified in 
the Instruction Set description of the MCS®-86 Fam- 
ily User’s Manual. The RESET input is internally syn- 
chronized to the processor clock. At initialization the 
HIGH-to-LOW transition of RESET must occur no 
sooner than 50 ps after power-up, to allow complete 
initialization of the 80C86. 


NMI may not be asserted prior to the 2nd CLK cycle 


following the end of RESET. 


BUS HOLD CIRCUITRY 


To avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down resistors, “bus-hold’’ circuitry has 
been used on the 80C86 pins 2-16, 26-32, and 34— 
39 (Figures 6a, 6b). These circuits will maintain the 
last valid logic state if no driving source is present 
(i.e. an unconnected pin or a driving source which 
goes to a high impedance state). To overdrive the 
“bus hold”’ circuits, an external driver must be capa- 
ble of supplying approximately 400 1A minimum sink 
or source current at valid input voltage levels. Since 
this ‘‘bus hold” circuitry is active and not a “resis- 
tive” type element, the associated power supply cur- 
rent is negligible and power dissipation is significant- 
ly reduced when compared to the use of passive 


pull-up resistors. 


“PULL-UP” 


EXTERNAL 
f PIN 


BUFFER 


231200-25 


Input Buffer exists only on I/O pins 


Figure 6b. Bus hold circuitry pin 26-32. 
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INTERRUPT OPERATIONS 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
-maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute jocations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt “type”. An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to “‘vec- 
tor’ through the appropriate element to the new in- 
terrupt service program location. 


NON-MASKABLE INTERRUPT (NMI) 


The processor provides a single non-maskable inter- 
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two CLK cycles, but is not required to be synchro- 
nized to the clock. Any high-going transition of NMI 
is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in- 
structions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
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ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


MASKABLE INTERRUPT (INTR) 


The 80C86 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 


specifically set by an instruction. 


During the response sequence (Figure 7) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 80C86 emits the 
LOCK signal from To of the first bus cycle until To of 
the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched.from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which re- 
turns the status of the original interrupt enable bit 


when it restores the FLAGS. 
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AD, - ADs ye 


TYPE {ree vecron )-— 


te 


Figure 7. Interrupt Acknowledge Sequence 


HALT 


When a software “HALT” instruction is executed the 
processor indicates that it is entering the “HALT” 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig- 
nals. In Maximum Mode, the processor issues ap- 
propriate HALT status on So, S; and So and the 
82C88 bus controller issues one ALE. The 80C86 
will not leave the “HALT” state when a local bus 
“hold” is entered while in ‘““HALT’’. In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 80C86 out of the 
“HALT” state. 


READ/MODIFY/WRITE alae 
OPERATIONS VIA LOCK 


The LOCK status information is provided by the 


processor when directly consecutive bus cycles are 
required during the execution of an instruction. This 
provides the processor with the capability of per- 
forming read/modify/write operations on memory 
(via the Exchange Register With Memory instruction, 
for example) without the possibility of another sys- 
tem bus master receiving intervening memory cy- 
cles. This is useful in mutliprocessor system configu- 
rations to accomplish “test and set lock” operations. 
The LOCK signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
“LOCK” prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instruction following the ‘“LOCK”’ prefix instruction. 
While LOCK is active a request on a RQ/GT pin will 
be recorded and then honored at the end of the 
LOCK. 
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EXTERNAL SYNCHRONIZATION VIA TEST 


As an alternative to the interrupts and general !/O 
capabilities, the 80C86 provides a single software- 
testable input known as the TEST signal. At any time 
the program may execute a WAIT instruction. If at 
that time the TEST signal is inactive (HIGH), pro- 
gram execution becomes suspended while the proc- 
essor waits for TEST to become active. It must re- 
main active for at least 5 CLK cycles. The WAIT in- 
struction is re-executeq repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
80C86 drivers go to 3-state OFF if bus ‘“‘Hold”’ is 
entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. 


BASIC SYSTEM TIMING 


Typical system configurations for the processor op- 
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini- 
mum mode, the MN/MxX pin is strapped to Vcc and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod- 
ed status information which the 82C88 bus control- 
ler uses to generate MULTIBUS compatible bus 
contro! signals. Figure 5 illustrates the signal timing 
relationships. 


ACCUMULATOR 
BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


INSTRUCTION POINTER 
STATUS FLAGS 


CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 
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Figure 8. iAPX 80C86 Register Model 


SYSTEM TIMING-——-MINIMUM SYSTEM 


The read cycle begins in T; with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the local bus at 
this time, into a latch. The BHE and Ag signals ad- 
dress the low, high, or both bytes. From T; to T, the 
M/IO signal indicates a memory or |/O operation. At 
To the address is removed from the local bus and 
the bus goes to a high impedance state. The read 
control signal is also asserted at To. The read (RD) 
signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to buffer 
the 80C86 local bus, signals DT/R and DEN are pro- 
vided by the 80C86. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/IO signal is 
again asserted to indicate a memory or I/O write 
operation. In the To immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T4. During Ts, T3, and 
Tw the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of To as opposed to the read which is delayed 


somewhat into To to provide time for the bus to float. | 


The BHE and Ag signals are used to select the prop- 
er byte(s) of the memory/iO word to be read or writ- 
ten according to the following table: 
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PRELIMINARY 


_ Characteristics. 


Whole word 
Upper byte from/ 


to odd address 
Lower byte from/ 
to even address 
None 


|/O ports are addressed in the same manner as 
memory location. Even addressed bytes are trans- 
ferred on the D7—Dpo bus lines and odd addressed 
bytes on Dy5—Dg. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowledge signal (INTA) is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
lines D7—Do as supplied by the interrupt system log- 
ic (i.e., 8B2C59A Priority Interrupt Controller). This 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter- 
rupt vector lookup table, as described earlier. 


BUS TIMING—MEDIUM SIZE SYSTEMS 


For medium size systems the MN/MX pin is con- 
nected to Vss and the 82C88 Bus Controller is add- 
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86 is capable of han- 
dling. Signals ALE, DEN, and DT/R are generated 
by the 82C88 instead of the processor in this config- 
uration although their timing remains relatively the 
same. The 80C86 status outputs (So, S1, and So) 
provide type-of-cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or |/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, 1/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and aavanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence data isn’t 
valid at the leading edge of write. The transceiver 
receives the usual T and OE inputs from the 82C88 
DT/R and DEN. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter- 
rupt Controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software ‘“‘poll’’. 


ntel 


ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage 


(With respect to ground) ........... —0.5 to 8.0V 
Operating Supply Voltage 

(WEA OFOURG): 3 62 602445 ua dwlawhdaeees 4.0 to 7.0V 
Input Voltage Applied 

(w.r.t. ground) ............. —2.0 to Vcc + 0.5V 
Output Voltage Applied 

(w.r.t. ground) ............. —0.5 to Vcc + 0.5V 
Power Dissipation............. 0.0. e eee eee 1.0W 
Storage Temperature............. —65°C to 150°C 
Ambient Temperature Under Bias ...... 0°C to 70°C 
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*Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


D.C. CHARACTERISTICS (80C86: T, =0°C to 70°C, Voc =5V +10%) 
(80C86-2: Ta =0°C to 70°C, Voc =5V +5%) 


Parameter 


Input Low Voltage 
Input High Voltage 


OL Output Low Voltage 
VOH Output High Voltage 


Symbol 


VIL 
VIH 


ii 


Icc Power Supply Current 


locs Standby Supply Current 


IL Input Leakage Current 


Input Leakage Current 
(Bus Hold Low) 


Input Leakage Current 
(Bus Hold High) 


Ve 
VoH 


Capacitance of Input Buffer 
(Allinputexcept __ 
ADop-AD15, RQ/GT) 


Cio Capacitance of I/O Buffer 
(ADo-AD 15, RQ/GT) 


Ouiput Capacitance 


ol 
© 


IBHL 


| 
on 
-) 


IBHH 


IBHLO 
IBHHO 


~~ 


Q) 
Z 


Cout 
NOTES: 


rae) No | | 
Oo O}2 
on 


<< ; 


Voc — 0.4 


oO 
oO 
>) 
> 


i : 

ro) .) 

O ro) 
' 


nl nN > > 


0.5 
Voc — 0.8 


Test Conditions 


Units 
+0.8 
Voc+0.5 
0.45 


10 mMA/MHz 


Vin = GND, Vit = Voc 
Ta = 25°C 
Voc = 5.5V 


Vin (max) = Voc or GND 
Outputs Unloaded 
CLK = GNDorVcc 


> 


+ 1.0 a 


> 


Vin =0.8V 
(Note 1) 


ViIN=3.0V 
(Note 2) 


(Note 4) 


A (Note 5) 


+10 yA OV<VouT<sVcc 


+0.8 
2 Saas 


Voc + 0.5 
p 


— 400 rw 


< 


ae) 


=" 


NO 


F (Note 3) 


xe) 


1. Test condition is to lower Vix, to GND and then raise Viy to 0.8V on pins 2-16, 26-32, and 34-39. 
2. Test condition is to raise Vix, to Voc and then lower Viy to 3.0V on pins 2-16, 26-32, and 34-39. 


3. Test conditions are a) Frequency = 1 MHz 
b) Unmeasured pins at GND 
Cc) Vin at + 5.0V or GND. 


‘4, An external driver must source at least Ipi_o0 to switch this node from LOW to HIGH. 
5. An external driver must sink at least IgHHo to switch this node from HIGH to LOW. 
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A.C. CHARACTERISTICS (80c86: T,=0°C to 70°C, Vog=5V +10%) 
(80C86-2: Ta=0°C to 70°C, Voc=5V +5%) 


MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


Test 
TCLCL CLK Cycle Period | 200 125 | DC. a 


TCLCH CLK Low Time 118 
TCHCL CLK High Time 


TCH1CH2 | CLK Rise Time 


—h 


0 
0 


D.C 

10 From 1.0V to 3.5V 

TCL2CL1 CLK Fall Time 10 From 3.5V to 1.0V 
TDVCL Data in Setup Time 3 


0 
TCLDX Data in Hold Time 10 


—_, 


- 
& 


G 
on 
o1 


— no 
on 


TRIVCL RDY Setup Time 
into 82C84A (See 
Notes 1, 2) 


RDY Hold Time 
into 82C84A - 


TCLR1X 
x (See Notes 1, 2) 
| TRYHCH READY Setup ‘| 118 
Time into 80C86 
TCHRYX READY Hold Time | 30 
into 80C86 
35 
30 


C= 20-100 pF 


Gg} — | NM 
oO ;O 


=) 


TRYLCL READY Inactive to 
CLK (See Note 3) 

THVCH HOLD Setup Time 

TINVCH INTR, NMI, TEST 
Setup Time (See 
Note 2) 

TILIH Input Rise Time 
(Except CLK) 

TIHIL 


1 


on 
on 


From 0.8V to 2.0V 


From 2.0V to 0.8V 


‘Input Fall Time 
(Except CLK) 


— 
/ Oo 
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A.C. CHARACTERISTICS (Continued) 


= 
2 
= 
a 
wD 
o 
@ 
.- 
2] 
= 
m7 
® 
o 


Test 
Conditions 


o) 
—_ 
N NS oO} 


TCLAV Address Valid Delay 


TCLAX Address Hold Time 10 


TCLAZ Address Float TCLAX 
Delay 


TLHLL ALE Width TCLCH — 20 


_ 
>) 
= 
=k 
oe) 
o) 


>) 


| TCLCH — 10 
TCLLH ALE Active Delay 


TCHLL ALE Inactive Delay 


TLLAX Address Hold Time | TCHCL-—10 
to ALE Inactive 

TCLDV Data Valid Delay 1 

TCHDX | Data Hold Time 1 


TWHDX | Data Hold Time TCLCH — 30 
After WR 


TCVCTV | Control Active 10 
Delay 1 

TCHCTV | Control Active 
Delay 2 

TCVCTX | Control Inactive 
Delay 


TAZRL Address Float to 
READ Active 


RD Active Delay 


3 
— | os 
> 
x< 
16] 
Oo 


a 
oO 


4 
?) 
c 
‘@) 
rT 
| 
>) 


— 
—= 
7) 
© 


| 4 
Q 
r— 
pas ah =k, —_, ah, QD as awh 
°o ro) =) Oo — 
| 
a) 
Oo 


>) 


*C, = 20-100 pF 
for all 80C86 Out- 
puts (in addition 

to 80C86 self-load) 


0 
0 


—_ ory 
a _ 
© (o>) 


— 
_— 
(o) 


ns 


TCLRL 
TCLRH 


r 


RD Inactive Delay 


TRHAV | RD Inactive to Next | TCLCL—45 TCLCL—40. 
Address Active 


TCLHAV | HLDA Valid Delay 10 160 


— = — 
o) Oo io) 
pare 
o 
On 
io) 


TRLRH | RD Width 2TCLCL—7 


TWLWH | WR Width 2TCLCL—6 


TAVAL | Address Valid to TCLCH—60 TCLCH —40 
ALE Low 

TOLOH | Output Rise Time 

TOHOL | Output Fall Time 


NOTES: 

1. Signal at 82C84A shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3). ; 


TCLCL—5 


a 
.@) 
re 
Q 
re 
us 


on 
Nm |. 
—_ 
>) 
| 
o|o 


_ 
= _ 
(2) 


— 
o1 


From 0.8V to 
2.0V 


| From 2.0V to 
0.8V 


4 
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A.C. TESTING INPUT, OUTPUT WAVEFORM AC. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.4V 


DEVICE 
UNDER 
TEST 


231200-11 
231200-12 
A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V 
for a logic “0”. CLK is driven at 4.3V and 0.25V. Timing measure- 
ments are made at Voy and Vo_. 


C. Includes Jig Capacitance 


WAVEFORMS 


MINIMUM MODE 


Ty T3 Tw 
TCLCL —————-> | TCH1CH2 TCL2CL1 


‘Vex / 
CLK (82C84A Output) | Noccemeates 
a os 
aed 


BHEIS7, Ai9/Se-Aye/S3 


RDY (82C84A input) 
SEE NOTE 4 


READY (8086 Input) 


READ CYCLE 
(NOTE 1) 
(WR, INTA = Von) 
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WAVEFORMS (Continued) 


MINIMUM MODE (Continued) 


Nh | T3 Tw 
—— TCLCL —---—-»|TCH1CH2 TCL2CL1 y 


CLK (82C84A Output) 


mio 


BHEIS7, Aie/Se-Are/S3 


ADy5-ADo 


WRITE CYCLE | TCVCTX 
(NOTE 1D 


(RO, INTA, 
DT/R = Von) 


TCVCTX—> | 
<— TOVCL—+| TCLDX 


AD15-ADo POINTER FLOAT 


+—TCHCTV 


INTA CYCLE 
(NOTES 1 & 3) 


RD, WR =Von 
5HE = Vou) 


SOFTWARE HALT— 
RD, WR, INTA = Voy INVALID ADDRESS SOFTWARE HALT 


OT/R = INDETERMINATE 
231200-14 


NOTES: . | 

1. All timing measurements are made at Voy and Vo_. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 

4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 


80C86 


80C86-2 


Test 
Conditions 


From 1.0V to 
3.5V 
From3.5Vto _ 
1.0V 


O 


C. 


wh 


0. 


ook 


0 


RDY Setup Time 
into 82C84A 
(Notes 1, 2) 


TCLR1X RDY Hold Time 
into 82C84A 
(Notes 1, 2) 
TRYHCH READY Setup 
Time into 80C86 
TCHRYX READY Hold Time 
into 80C86 
TRYLCL READY Inactive to 
CLK (Note 4) 
Setup Time for 
Recognition (INTR, 


NMI, TEST) 
(Note 2) 


Cy = 20-100 pF 


5 


From 0.8V to 

2.0V 

From 2.0V to 
0.8V 


oh, 


5 


io) 
|| fe 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


Parameter 
TCLML Command Active 3 
Delay (Note 1) 
TCLMH Command Inactive 
Delay (Note 1) 
TRYHSH READY Active to 
Status Passive 
(Note 3) 
TCHSV Status Active Delay 10 
TCLSH Status Inactive 
Delay 
TCLAV Address Valid 
Delay 
TCLAX | AddressHoldTime | 10 | 
TCLAZ Address Float Delay | TCLAX 


TSVLH Status Valid to ALE 
High (Note 1) 

TSVMCH | Status Valid to 
MCE High 

| (Note 1) 

TCLLH CLK Low to ALE 
Valid (Note 1) | 

TCLMCH CLK Low to MCE 
High (Note 1) 

TCHLL ALE Inactive Delay 
(Note 1) 

TCLMCL MCE Inactive Delay 
(Note 1) 


Test 
Conditions 


b eal w on Go 
On o o oO 


3 


110 


110 10 
130 


>) 
“J 
oO 


+ 

© 
gle 

x< 


C, = 20-100 pF 
for all 80C86 Out- 
puts (in addition 

to 80C86 self-load) 


— 
oT 


4 


TCLDV Data Valid Delay 
TCHDX Data Hold Time 


TCVNV Control Active 
Delay (Note 1) 
TCVNX Control Inactive 
Delay (Note 1) 
TAZRL Address Float to 
Read Active 
TCLRL RD Active Delay 
TCLRH RD Inactive Delay 


ol 


on 


110 1 
1 

30 

15 

18 

15 

110 1 
1 

45 

45 1 

165 1 


100 


awh 


0 
0 
0 
0 
0 
0 
0 


150 1 


10 
10 
4 
10 
10 
10 
10 
10 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES (Continued) 


| 80C86-2 _ Test 


RD Inactive to | 
| _Next Address Active 

TCHDTL | Direction Control 
| Active Delay 


50 | 
(Note 1) | | C, =20-100 pF 
TCHDTH | Direction Control 30 30 | ns ae 
Inactive Delay : | 
(Note 1) | to 80C86 self-load) 


TCLGL |GTActiveDelay | 0 | [anee| 
2TCLCL—50 | 
be 15 From 0.8V to 


85 
TCLGH | GTinactiveDelay | 0 | 85 
15 

2.0V 


TRLRH | RD Width 2TCLCL —75 

TOLOH | Output Rise Time 

TOHOL | Output Fall Time pe From 2.0V to 
| 0.8V 


NOTES: 

1. Signai at 82C84A or 82C88 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. 3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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WAVEFORMS 


MAXIMUM MODE 


Ty T2 T3 Ta 
TCHICH2 TCL2Ci1 Tw 


Bien! 
2se,08; 1 ae A 


52,51,50 (EXCEPT HAI.T) r | | | A pn” ae eo te St Se 
= 
Dee XD ee TD 
TCHR 


TSVLH Syed 
TCLLH : 
ALE (82088 OUTPUT) 
SEE NOTE 5 
RDY (82084 INPUT) = \) & 
READY (80C86 INPUT) | YX 
; N 
TCLAV TCLAZ 


- A1s-AD 
. TAZRAL-~ i TRHAV 
i 


BHE/S7, A19/Se-A1e/S3 


TRIVCL 


-——/| 


TCHDTL — TCHDTH 


OT/R 


TeeMe ae TCLMH-> \ 
uTPuTS | —____ ae 
eine MAD OR ORC , 
SEE NOTES 5,6 
TCVNV—> 
DEN , 


TCVNX —> —— 
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WAVEFORMS (Continued) 


MAXIMUM MODE (Continued) 


; ‘ 
H TCHSY TCL8H 


4 ery Netene 


53.53.50 (EXCEPT HALT) 


seis .a? Ga ac ara» 
DEN 
ee roms) | 
e2Ces OUTPUTS 
SEE NOTES 5,6 AMWC OR AIOWG 
-— TCLMH 
MWITC on (OWE 
INTA CYCLE 
AD15-ADo my, ek FO 
(SEE NOTES 3 & 4) ek ADA i FLOAT 
—~ + TDVCL—> TCLDX 
AD15-ADo {  rowren| INTER 
{  rowren| N FLOAT 
TSVMCH— 
MCE/ 
PDEN TCLMCH -> 


See a aaa 
iNT 
SEE NOTES 5.6 | A 


SOFTWARE HALT — TCVNX © 
(DEN = Voi/AD, MADC,JORC, MWTC,AMWC, OWT, AIOWG, INTA, = Von) 


AD;s-ADo z= tNVALID ADDRESS 


231200-16 


NOTES: 

1. Ali timing measurements are made at Vox and Vo_. 

2. RDY.is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 82C84A or 82C88 are shown for reference only. 

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) 
lags the active high 82C88 CEN. 

7. Status inactive in state just prior to T4. 
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WAVEFORMS (Continued) 


ASYNCHRONOUS SIGNAL RECOGNITION 


CLK \ \ 
NMI TINVCH (see note 1) 


INTR > SIGNAL 


TEST 231200-17 


NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK. 


BUS LOCK SIGNAL TIMING RESET TIMING 
(MAXIMUM MODE ONLY) 


ANY CLK ae ANY CLK at 


CLK 


TCLAV ; TCLAV 
LOCK { ? 


231200-18 
24 CLK CYCLES 


231200-19 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


ANY CLK 20 CLK 
CYCLE CYCLE 


CLK 
TCLGH 


PULSE 1 
‘COPROCESSOR 
RO 


PREVIOUS 
GRANT 


COPROCESSOR 
‘RELEASE 


A1g/Se-Ai6/S3 80C86 COPROCESSOR 80C86 
2: ris “0 (prem savers neinm smite a ON SPIT A ERO RT, 

RD, LOCK (SEE NOTE 1) 

BHE/S, 


231200-20 


NOTE: The coprocessor may not drive the buses outside the region shown without risking contention. 
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WAVEFORMS (Continued) 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


DATA TRANSFER 

‘MOV = Move: 

Register/memory to/trom register 
immediate to register/memory 
immediate to register 

Memory to accumulator 

Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 


PUSH = Push: 
Register/memory 
Register 
Segment register 


POP = Pop: 
Register/memory 
Register 
Segment register 


XCHG = Exchange: 
Register/memory with register 
Register with accumulator 


IN = Input from: 
Fixed port 
Variable port 


OUT = Output to: 

Fixed port 

Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LOS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF = Pop tlags 


ARITHMETIC 

AOD = Add: 

Reg./memory with register to either 
immediate to register/memory 
Immediate to accumulator 


ADC = Add with carry: 
Reg/memory with register to ether 
Immediaté to register/memory 
Immediate to accumulator 


INC = Increment: 
Register/memory 

Register 

AAA z= ASCH adjust for add 
DAA = Decimal adjust for add 


SUB = Subtract: 

Reg./memary and register to either 
Immediate from register/memory 
immediate from accumulator 


S8B = Subtract with borrow 
Reg.‘memory and register to either 
immediate from register/memory 
immediate from accumulator 


Mnemonics Intel, 1978. 


21 CLK CYCLE 1 OR 2 CYCLES 


| THVCH ! 
| | 
Moe TCLHAV 


HLDA 


(preconecercumet eeprom crea, 
AD, 5-ADp, 

Ay9/Sg-Ay6/S3, [pecan rue PELE, 
RD, 80C86 


OT/A, WR, DEN 


COPROCESSOR 


231200~21 


Table 2. instruction Set Summary 


DEC Decrement: 


76543210 76543210 76543210 76543210 
76543210 76543210 76543210 76543210 Register/memory [titittiw | mod001tim j 
[ 1000100w modregrim | Register 
NEG Change sign 4117011W mod 01 1m 


1100011Ww mod 00 0 rm data data it w1 ] 
I | | ifwi | 

1011 wreg data data i = 2 CMP Compare: 
i 1010000w L add-low addr-high ] . : 

seers Register/memory and register 

[ 1610001w | ___ addr-low addr-high | 

10001110 mod 0 reg fim 
{ 10001100 mod 0 reg rm 


Leia I mod 1 101m | 
Ei 0.10 10 reg 
000 reg 110 } 


iE 0011104w | mod reg rim ‘7 
[ 100000sw | moditinm | data [aataitsw=01 | 


0011110W “data [dataitw=t | 


[ oottiitt 

OOO 
[ 11ti0rtw [| modioodm | 
1 


ime 1111011W [mod 101 vm 


[ 11010;00 | 00001010 | 


[ iiitotiw [ mod 110 rm 


1111011) TI 
ei 


ml 90001010 


immediate with regrster/memory 


Immediate with accumulator 
AAS ASCII adjust for subtract 
DAS Decimat adjust for subtract 
MUL Multiply (unsigned) 

IMUL Integer multiply (signed) 
AAM ASCII adjust for multiply 
DIV Divide (unsigned) 

IDIV Integer divide (signed) 
AAC ASCII adjust for divide 
CBW Convert byte to word 
CWD Convert word to double word 


[ so001111 | modooorm | 
[ o1011teg | 
000regiii 


11010101 


| 1000 Oltw az mod reg tim ] 


[ 1001 0eg a 
1110010w | 


“1110110w 


__port - } 


[1110011w | pot 
f 11101 t1w | 
GREG aS 
[ 10001101 [|  modregrim | 
f 11000101 | modreg rim | 


Locic 
NOT Invert 
SHL/SAL Shift logicai/arithmetic left 


SHR Shift togical right 


SAR Shift arithmetic right 

ROL Rotate tett 

ROR Rotate right 

RCL Rotate through carry flag left 
ACR Rotate through carry right 


ecto mod 100rm | 
{ 110100vw | modiotrim | 
[_s101d0vw | mod 1iim | 
[ 110100vw _ [modo corm 
f a10100vw ~_modootrim | 
[-410100vw | mod010m | 


10011110 | 
(roor too] 
{10011101 


AND And: 
Reg./memory and register to either 


[00 1000dw i= mod reg tim | 
{ 1000000w | modiocrm | data [data tw 1 
fo010010w | data “{_dataitw=t | 


immediate to register/memory 


immediate to accumulator 


TEST And function to flags, no result: 


Register/memory and register [ “100001 0 ws mod reg im ] 
ft111011w | mod 0 0 0 rim data 
[- 10. 0100w eee data__ eile “dataitw=t | 


000010dw 


1000000w_ [mod 00 1um | dota ata data if w=1 
[ coo0110w | data | dataitw=t | 


0.01 Ligeds | maaan 
1000000w | mod: mod 1 10 ¢/m data . 
[0011010w_ data | tw 


data it w=1 


_000000dw | mod reg tim 
| 100000sw mod 0 0 0 rim data 
(ooooorew | ae | aatwi OR or 
Reg./memory and register to either 
Immediate to register/memory 
immediate to accumulator 


] Immediate data and register/memory 


Immediate data and accumulator 


data if sw 201 


data if w =1 


XOR = Exclusive or: 
Reg./memory and regisier to either 


immediate to register/memory 


| data if wat 


Immediate to accumulator data ifw=t 


00110111 | 
00100111 


‘| STRING MANIPULATION 
data | data it s:w =01 i] REP = Repeat 

~ MOVS = Move byte/word 
CMPS = Compare byte/word 


[901010dw | mod reg nm 


100000sw mod1otcm | 


0010110w data data ifw=1 
- SCAS = Scan byte/word “"y0101t1W | 
[o00110dw |  modreg jim) LODS = Load byte/wd to AL/AX 1010110w | 
“100000sw modoitdm — | data [ aaaitsw=01 | gros = Stor bylehnd fron ALIA NTE Ee 
“0001110 | data [data it w=1 ] 


Car 
“10t10010w | 
1010011w | 
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Table 2. Instruction Set Summary (Continued) 


CONTROL TRANSFER 
CALL = Call: 
Direct within segment 


76543210 
Indirect within segment 7 1 
Direct intersegment 


Indirect intersegment 


JMP x Unconditional Jump: 
Direct within segment 

Direct within segment-short 
indirect within segment 
Direct intersegment 


Indirect intersegment 


RET = Return trom CALL: 
Within segment 

Within seg. adding immed to SP 
Intersegment 


110000114 
11000010 
(11001010 


JE/SZ = Jump on equal/zero 01110100 
JL/INGE = Jump on less/not greater en 8 
of equal 9 [01111100 


Intersegment adding immediate to SP 


76543210 


oftset-low 


| __segtow —_—| 


mod 101 rim 


JLE/JNG = Jump on tess or equal/not 


greater 01111110 disp 
JB/JNAE = Jump on below/not above , " 4 F 
= or equal | 01110010 disp 
JBE/JNA = Jump on below or equal/ a ee 
= ri above eq | 01110110 disp 


JP/JPE = Jump on parity/parity even 
JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 


Footnotes: 


AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive: 

Less = less positive (more negative) signed values 
ifd = 1 then “to” reg: if d = O then “trom” reg 

if w = 1 then word instruction; if w = 0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0°, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 


if rm = 000 than EA = (BX) + (SI) + DISP 

if rim = 001 then EA = (BX) + (DI) + DISP 

it crim = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (DI) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if rim = 101 then EA = (01) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if rfm = 111 then EA = (8X) + OISP 

DISP follows 2nd byte of instruction (before data if required) 


tou wa 


“except if mod = 00 and r/m = 110 then EA = disp-high: isp-low. 


Mnemonics - intel. 1978 


76543210 


JNBE/JA Jump on not below or 
equal/above 


fiset-high 
Way an, 


seg-high 


JNO = Jump on not overfiow 
JNS Jump on not sign 
LOOP Loop CX times 


zero/equal 
JCXZ Jump on CX zero 


INT Interrupt 

Type specified 

Type 3 

INTO = Interrupt on overflow 
SRET Interrupt return 


data-high 


PROCESSOR CONTROL 
CLC Clear carry 

“CMC Complement carry 

STC Set carry 

CLO Clear direction 

STD Set direction 

CL! Clear interrupt 

STt Set interrupt 

HLT Halt 

WAIT Wait 

ESC Escape (to external device) 
LOCK Bus lock prefix 


if s:w = 01 then 16 bits of immediate data form the operand. 

if s:w = 11 then an immediate data byte is sign extended to 
form the 16-bit operand. 

if v = 0 then ‘‘count"’ = 1; if v = 1 then ‘count’ in (CL) 

x = don't care 

z is used tor string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


| 001reg 110 | 


REG is assigned according to the following table: 


16-Bit [w = 1] 8-bit [w = 0) Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 DL 10 SS 
011 BX 011 BL 11 DS 
100 SP 100 AH - 
101. BP 101 CH 
110 SI 110 DH 
111 Ol 111 BH 


Instructions which reference the flag register file as a 16-bit object use 


the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(1F):(TF)(SF):(ZF):X:(AF) X:(PF):X (CF) 
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JNB/JAE Jump on not below/above 
or equal 


JNP/JPO = Jump on not par/par odd 


LOOPZ/LOOPE Loop while zaro/equal 
LOOPNZ/LOOPNE Loop while not 


76543210 


76543210 


Driro00t | ap 


11100010 | disp 
41100001 | disp 


11100000 


[iiiooo1 


11001101 type 


11001100 __ 
[110011114 


111711000 


11110101 

11111001, 
11111100 
11111101 
Piti11010— 


1417111011 


110 xx 
11110000 


"mod a x rim _ | 
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—80C88/80C88-2 
8-BIT CHMOS MICROPROCESSOR 


m@ Pin-for-Pin and Functionally Compatible m Direct Addressing Capability of 1 


to Industry Standard HMOS 8088 MByte of Memory 
m Direct Software Compatibility with m Architecture Designed for Powerful — 
80C86, 8086, 8088 : Assembly Language and Efficient High 
mt eM, an dtn Pinot oot can Soe nln Level Lanauaages 
= runy Static Design with rrequency es 
Range from D.C. to: m 24 Operand Addressing Modes 
— 5 MHz for 80C88 , 
— 8 MHz for 80C88-2 m Byte, Word and Block Operations 
: m 8 and 16-Bit Signed and Unsigned 
m Low Power Operation Arithmetic 
— Operating Icc = 10 mA/MHz —— Binary or Decimal 
— Standby IcCs = 500 pA max — | an Multiply and Divide 
m Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 


The Intel 80C88 is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. The 
processor has attributes of both 8 and 16-bit microprocessors. It is available in 5 MHz clock rate and will be 
available in 8 MHz clock rate in 2nd half of 1985. The 80C88 offers two modes of operation: MiNimum for 
small systems and MAXimum for larger applications such as multi-processing. It is available in 40-pin DIP bate 
will be available in 44-pin plastic leaded chip carrier (PLCC) package in 2nd half of 1985. | 


MEMORY INTERFACE 


INSTRUCTION 
STREAM BYTE 


$so (HIGH) 


BUS 
INTERFACE 

UNIT 
HOLD (RQ/GTO) 
HLDA (Ra/GT1) 


WR (COCK) 
10/M ($2) 
| a - TR (St) 
BEN _ (80) 
ALE (Qso) Gee a 
iNTA (as1) (28; 126, 27) 128; 
EXECUTION TEST 
UNIT | READY 
RESET 231197-3 
231197-2 Figure 2b. 80C88 44-lead PLCC 
231197-1 Figure 2. 80C88 40-lead Configuration 
Figure 1. iAPX 80C88 CPU Functional _ Configuration | 


Block Diagram 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from intel. December 1984 
© Intel Corporation, 1984 Order Number: 231197-001 
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Table 1. Pin Description 


The following pin function descriptions are for 8OC88 systems in either minimum or maximum mode. The 
“local bus” in these descriptions is the direct multiplexed bus interface connection to the 80C88 (without 
regard to additional bus buffers). 


AD7-ADO 9-16 I/O | ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory/IO address (T1) and data (T2, T3, Tw, and 
T4) bus. These lines are active HIGH and float to 3-state OFF 
during interrupt acknowledge and local bus “hold acknowledge”. 

A15-A8 2-8, 39 ADDRESS BUS: These lines provide address bits 8 through 15 for 

| the entire bus cycle (T1-T4). These lines do not have to be 

latched by ALE to remain valid. A15—A8 are active HIGH and float 
to 3-state OFF during interrupt acknowledge and local bus “‘hold 
acknowledge”. 


A19/S6, A18/S5, ADDRESS/STATUS: During T1, these are the four most 

A17/S4, A16/S3 significant address lines for memory operations. During I/O 
operations, these lines are LOW. During memory and I/O 
operations, status information is available on these lines during 
T2, T3, Tw, and T4. S6 is always low. The status of the interrupt 
enable flag bit (S5) is updated at the beginning of each clock 
cycle. S4 and S3 are encoded as shown. 


This information indicates which segment register is presently 
being used for data accessing. 


These lines float to 3-state OFF during local bus “‘hold 


acknowledge’”’. 


0(LOW) Alternate Data 
0 Stack 

1(HIGH) Code or None 
1 Data 

S6 is 0(LOW) 


READ: Read strobe indicates that the processor is performing a 
memory or I/O read cycle, depending on the state of the |O/M pin 
or S2. This signal is used to read devices which reside on the 
80C88 local bus. RD is active LOW during T2, T3 and Tw of any 
read cycle, and is guaranteed to remain HIGH in T2 until the 
80C88 local bus has floated. 


This signal floats to 3-state OFF in “hold acknowledge’’. 


READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The RDY signal 
from memory or !/O is synchronized by the 82C84A clock 
generator to form READY. This signal is active HIGH. The 80C88 
READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 
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Table 1. Pin Description (Continued) 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located 
in system memory. It can be internally masked by software resetting 
the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 


TEST: input is examined by the “wait for test” instruction. If the: 
TEST input is LOW, execution continues, otherwise the processor 
waits in an “idle” state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. NMI is not maskable 


internally by software. A transition from a LOW to HIGH initiates the 
interrupt at the end of the current instruction. This input is internally 
synchronized. 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. 
It restarts execution, as described in the instruction set description, 
when RESET returns LOW. RESET is internally synchronized. 


CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 


Vcc: is the +5V + 10% power supply pin. 
GND: are the ground pins. 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 


The following pin function descriptions are for the 8OC88 minimum mode (i.e., MN/MX = Voc). Only the pin 
functions which are unique to minimum mode are described: all other pin functions are as described above. 


STATUS LINE: is an inverted maximum mode S2. It is used to 
distinguish a memory access from an |/O access. |O/M becomes 
valid in the T4 preceding a bus cycle and remains valid until the final 
T4 of the cycle (I/O = HIGH, M = LOW). IO/M floats to 3-state OFF 
in local bus “‘hold acknowledge’’. 


WRITE: strobe indicates that the processor is Serformind a write 
memory or write I/O cycle, depending on the state of the |O/M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF in local bus ‘“‘hold acknowledge”. 


INTA: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3, and Tw of each interrupt acknowledge 
cycle. 
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Table 1. Pin Description (Continued) 


Name and Function 


ADDRESS LATCH ENABLE: is provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
clock low of T1 of any bus cycle. Note that ALE is never floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically, DT/R is 
equivalent to S17 in the maximum mode, and its timing is the same as 
for |O/M (T = HIGH, R = LOW). This signal floats to 3-state OFF in 
local “hold acknowledge’”’. 


DATA ENABLE: is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active LOW 
during each memory and !/O access, and for INTA cycles. For a read 
or INTA cycle, it is active from the middle of T2 until the middle of T4, 
while for a write cycle, it is active from the beginning of T2 until the 
middle of T4. DEN floats to 3-state OFF during local bus “hold 
acknowledge’”’. 


HOLD, HLDA 30, 31 HOLD: indicates that another master is requesting a local bus 

‘hold’. To be acknowledged, HOLD must be active HIGH. The 
| processor receiving the “hold” request will issue HLDA (HIGH) as an 

acknowledgement, in the middle of a T4 or T1 clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines. After HOLD is detected as being LOW, 
the processor lowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 
Hold is not an asynchronous input. External synchronization should 
be provided if the system cannot otherwise guarantee the set up 
time. 


-o-O-0O—- Oo 


SSO STATUS LINE: is logically equivalent to SO in the maximum mode. 
The combination of SSO, |O0/M and DT/R allows the system to 
completely decode the current bus cycle status. ! 

| tom | pt/R | 580 | CHARACTERISTICS | 
1(HIGH) Interrupt Acknowledge 

Read!/O port» 

: Write I/O port 
Halt 
Code access 
Read memory 
Write memory 
Passive 
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Table 1. Pin Description (Continued) 


The following pin function descriptions are for the 80C88/82C88 system in maximum mode (i.e., 
MN/MX = GND.) Only the pin functions which are unique to maximum mode are described; all other pin 
functions are as described above. 


Name and Function 


STATUS: is active during clock high of T4, T1, and T2, and is 
returned to the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the 82C88 bus controller to 
generate all memory and I/O access control signals. Any change by 
S2, S1, or SO during T4 is used to indicate the beginning of a bus 
cycle, and the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 


These signals float to 3-state OFF during “hold acknowledge’”’. 
During the first clock cycle after RESET becomes active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 


[| | & |  CuanacTensncs 


0(LOW) Interrupt Acknowledge 
Read I/O port 

Write 1/O port 

Halt 

Code access 

Read memory 

Write memory 

Passive 


REQUEST/GRANT: pins are used by other local bus masters to 
force the processor to release the local bus at the end of the 
processor’s current bus cycle. Each pin is bidirectional with RQ/GTO 
having higher priority than RQ/GT1. RQ/GT has an internal pull-up 
resistor, So may be left unconnected. The request/grant Sequence is 


as follows (See Figure 8): 


—-~oOo-O- O-+ Oo 


0 
0 
, 
, 
0 
0 
4 
, 


1. A pulse of one CLK wide from another local bus master indicates a 
local bus request (“hold’’) to the 80C88 (pulse 1). 


2. During a T4 or T1 clock cycle, a pulse one clock wide from the 
80C88 to the requesting master (pulse 2), indicates that the 80C88 
has allowed the local bus to float and that it will enter the “hold 
acknowledge” state at the next CLK. The CPU’s bus interface unit is 
disconnected logically from the local bus during “hold 
acknowledge’’. The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 


3. A pulse one CLK wide from the requesting master indicates to the 
80C88 (pulse 3) that the “hold” request is about to end and that the 
80C88 can reclaim the local bus at the next CLK. The CPU then 
enters T4. 
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Table 1. Pin Descriptions (Continued) 


Each master-master exchange of the local bus is a sequence of 
three pulses. There must be one idle CLK cycle after each bus 
exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T4 of the cycle when all the 
following conditions are met: 


1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 

4. A locked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible 
events will follow: 


1. Local bus will be released during the next clock. 

2. Amemory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 
already satisfied. 


LOCK: indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active (LOW). The LOCK 
signal is activated by the ‘‘LOCK”’ prefix instruction and remains 
active until the completion of the next instruction. This signal is 
active LOW, and floats to 3-state off in “hold acknowledge”. 


QUEUE STATUS: provide status to allow external tracking of the 
internal 80C88 instruction queue. 


The queue status is valid during the CLK cycle after which the 
queue operation is performed. 


0(LOW) No operation 

0 First byte of opcode from queue 
1(HIGH) _ Empty the queue 

1 Subsequent byte from queue 


Pin 34 is always high in the maximum mode. 
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STATIC OPERATION 


All 80C88 circuitry is of static design. Internal regis- 
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 80C88 
can operate from DC to the appropriate upper fre- 
quency limit. The processor clock may be stopped in 
either state (high/low) and held there indefinitely. 
This type of operation is especially useful for system 
debug or power critical applications. 


The 80C88 can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 


Static design also allows very low frequency opera- 
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
80C88 power dissipation is directly related to operat- 
ing frequency. As the system frequency is reduced, 
so is the operating power until ultimately, at a DC 
input frequency, the 80C88 power requirement is the 
standby current (500 wA maximum). 


7 0 
[oon FFFFFH 


CODE SEGMENT 


XXXXOH 


| STACK SEGMENT 


SEGMENT 


REGISTER FILE | DATA SEGMENT 


| EXTRA DATA SEGMENT 


231197-4 


Figure 3. Memory Organization 


80C88/80C88-2 
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MEMORY ORGANIZATION 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3.) 


All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper- 
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. | 


Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFFOH through FFFFFH are reserved for 


operations including a jump to the initial system 


FFFFFH 


RESET BOOTSTRAP 


PROGRAM JUMP FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 0 


231197-5 


Figure 4. Reserved Memory Locations 
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Memory Segment Register 
Reference Need Used 


Instructions CODE (CS) 


Local Data 


Segment 
Selection Rule 


Automatic with all instruction prefetch. 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


STACK (SS) 


| Data references when: relative to stack, destination of string 
PLEADS) operation, or explicitly overridden. 


External (Global) Data | EXTRA (ES) cri aa Mie operations: Explicitly selected using a 


initialization routine. Following RESET, the CPU will multiplexed bus peripherals (8155, 8156, 8355, 
always begin execution at location FFFFOH where 8755A, and 8185). This configuration (See Figure 5) 
the jump must be located. Locations O0Q000H provides the user with a minimum chip count sys- 
through OO3FFH are reserved for interrupt opera- tem. This architecture provides the 80C88 process- 
tions. Four-byte pointers consisting of a 16-bit seg- ing power in a highly integrated form. 

ment address and a 16-bit offset address direct pro- 

gram flow to one of the 256 possible interrupt serv- The demultiplexed mode requires one latch (for 64k 
ice routines. The pointer elements are assumed to addressability) or two latches (for a full megabyte of 
have been stored at their respective places in re- addressing). A third latch can be used for buffering if 
served memory prior to the occurrence of interrupts. the address bus loading requires it. A transceiver 


can also be used if data bus buffering is required. 
(See Figure 6.) The 80C88 provides DEN and DT/R 
to control the transceiver, and ALE to latch the ad- 
dresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re- 
quirements. . 


MINIMUM AND MAXIMUM MODES 


The requirements for supporting minimum and maxi- 
mum 80C88 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 80C88 is equipped 
with a strap pin (MN/MX) which defines the system 


configuration. The definition of a certain subset of The maximum mode employs the 62088 bus con- 


+4: troller. (See Figure 7.) The 82C88 decodes status 
the pins changes, dependent on the condition of the na atl nn ; 
pee pin. Wee the ate /MX pin is strapped to GND lines SO, S1, and S2, and provides the system with 
the 80C88 defines pins 24 through 31 and 34 ia all bus control signals. Moving the bus control to the 
saximura modes When the: MN IN pin is strapped 82C88 provides better source and sink current capa- 


to Vcc, the 80C88 generates bus control signals it- ras - ste ipso ee os iets mena 
self on pins 24 through 31 and 34. or extended large system features. Hardware lock, 


queue status, and two request/grant interfaces are 
provided by the 80C88 in maximum mode. These 
features allow co-processors in local bus and re- 
mote bus configurations. 


The minimum mode 80C88 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS®-85 
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ADDR 


ADDR/DATA 


lO/M PORT 
RESET 8 


tt 
i 


i oe ee ee 


231197-6 
Figure 5. Multiplexed Bus Configuration 
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TRANS- 
CEIVER — 


PERIPHERAL 
DEVICE 


231197-7 


Figure 6. Demultiplexed Bus Configuration 


LE 


en 
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82CXX 
51C67 SRAM(2) 27C64 EPROM caPERAL 


82C59A DEVICE 


NTERRUPT 
CONTROL 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 


The 80C88 address/data bus is broken into three 
parts—the lower eight address/data bits (ADO-AD7), 
the middle eight address bits (A8--A15), and the up- 
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi- 
plexed. This technique provides the most efficient 
use of pins on the processor, permitting the use of a 
standard 40 lead package. The middle eight address 
bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. in addition, the bus can 
be demultiplexed at the processor with a single ad- 
dress latch if a standard, non-multiplexed bus is de- 
sired for the system. 


(4 + Rwai7) = a ten 
Ty | T2 | T3 Twait 


ALE 


¥ 
v 


“— 


ADDRISTATUS 


ADDR Ais-Aa 


t 
Ps BUS RESERVED 07-Do 
FOR DATA IN VALID 


ADOR/DATA 


READY 


= Wh WAIT 


oT/A 


MEMORY ACCESS TIME —— 
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Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T1, T2, T3, and 
T4. (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a “NOT READY” indication is given 
by the addressed device, “wait” states (Tw) are in- 
serted between T3 and T4. Each inserted “wait” 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C88 driven bus cycles. These 
are referred to as “idle” states (Ti), or inactive CLK 
cycles. The processor uses these peyCIes for internal 
housekeeping. 
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Figure 8. Basic System Timing 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 


Status bits SO, S1, and S2 are used by the bus con- 
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 


| S2__| Si | So | CHARACTERISTICS _ 


0 (LOW) Interrupt Acknowledge 
Read |/O 

Write 1/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


abt OP OS ak es OOO 
a Ok OS a OO 


Status bits $3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. S3 and S4 indicate which segment reg- 
ister was used for this bus cycle in forming the ad- 
dress according to the following table: 


0 (LOW) 
0 
1 (HIGH) 
; 


Alternate Data (extra segment) 
Stack 

Code or None 

Data 


$5 is a reflection of the PSW interrupt enable bit. S6 
is always equal to 0. 


1/O ADDRESSING 


In the 80C88, I/O operations can address up to a 
maximum of 64k I/O registers. The I/O address ap- 
pears in the same format as the memory address on 


| Sa __| Ss | ___ CHARACTERISTICS 
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bus lines A15—A0. The address lines A19—A16 are 
zero in |/O operations. The variable !/O instructions, 
which use register DX as a pointer, have full address 
capability, while the direct |/O instructions directly 
address one or two of the 256 I/O byte locations in 
page 0 of the !/O address space. I/O ports are ad- 
dressed in the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both halves of the 16- 
bit address bus. The 80C88 uses a full 16-bit ad- 
dress on its lower 16 address lines. 


EXTERNAL INTERFACE 


PROCESSOR RESET AND INITIALIZATION 


Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 80C88 
RESET is required to be HIGH for greater than four 
clock cycles. The 80C88 will terminate operations 
on the high-going edge of RESET and will remain 
dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se- 
quence for approximately 7 clock cycles. After this 
interval the 80C88 operates normally, beginning with 
the instruction in absolute location FFFFOH. (See 
Figure 4.) The RESET input is internally synchro- 
nized to the processor clock. At initialization, the 
HIGH to LOW transition of RESET must occur no 
sooner than 50 ps after power up, to allow complete 
initialization of the 80C88. 


lf INTR is asserted sooner than nine clock cycles 
after the end of RESET, the processor may execute 
one instruction before responding to the interrupt. 


All 3-state outputs float to 3-state OFF during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. 
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BUS HOLD CIRCUITRY 


To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, “‘bus-hold’’ circuitry has 

been used on the 80C88 pins 2-16, 26-32, and 34- 
39 (Figure 9a, 9b). These circuits will maintain the 
_last valid logic state if ho driving source is present 
(i.e. an unconnected pin or a driving source which 
goes to a high impedance state). To overdrive the 
“bus hold” circuits, an external driver must be capa- 
ble of supplying approximately 400 wA minimum sink 
or source current at valid input voltage levels. Since 
this ‘‘bus hold” circuitry is active and not a “resis- 
tive” type element, the associated power supply cur- 
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rent is negligible and power dissipation is significant- 
ly reduced when compared to the use of passive 
pull-up resistors. 


INTERRUPT OPERATIONS 


Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User’s Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 


“Pull-Up/Pull-Down” 


Faeweeeaanyg 
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Input buffer exists only on I/O pins _ 


Figure 9a. Bus hold circuitry pin 2-16, 35-39. 
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Input buffer exists only on I/O pins 


Figure 9b. Bus hold circuitry pin 26-32, 34. 
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Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations 0 through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt “type.” An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 


NON-MASKABLE INTERRUPT (NMI) 


The processor provides a single non-maskabie inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 


80C88/80C88-2 


PRELIMINARY 


be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


MASKABLE INTERRUPT (INTR) 


The 80C88 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri- 
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter- 
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis- 
ter which is automatically pushed onto the stack re- 
flects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an 
instruction. 


During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88 emits the 
LOCK signal (maximum mode only) from T2 of the 
first bus cycle until T2 of the second. A local bus 
“hold” request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 


( TYPE VECTOR 
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Figure 10. Interrupt Acknowledge Sequence 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
Original interrupt enable bit when it restores the 
flags. 


HALT 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys- 
tem to latch the halt status. Halt status is available 
on IO/M, DT/R, and SSO. In maximum mode, the 
processor issues appropriate HALT status on S2, 
$1, and SO, and the 82C88 bus controller issues one 
ALE. The 80C88 will not leave the HALT state when 
a local bus hold is entered while in HALT. In this 
case, the processor reissues the HALT indicator at 
the end of the local bus hold. An interrupt request or 
RESET will force the 80C88 out of the HALT state. 


READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 


The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write opera- 
tions on memory (via the “exchange register with 
memory” instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac- 
complish “‘test and set lock” operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycle of the instruc- 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 


EXTERNAL SYNCHRONIZATION VIA TEST 


As an alternative to interrupts, the 80C88 provides a 
single software-testable input pin (TEST). This input 
is utilized by executing a WAIT instruction. The sin- 
gle WAIT instruction is repeatedly executed until the 
TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 
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If a local bus request occurs during WAIT execution, 
the 80C88 3-states all output drivers. If interrupts are 
enabled, the 80C88 will recognize interrupts and 
process them. The WAIT instruction is then re- 
fetched, and reexecuted. 


BASIC SYSTEM TIMING 


In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 


_ compatible with the 8085 bus structure. In maximum 


mode, the MN/MxX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MULTIBUS 
compatible bus control signals. 


System Timing — Minimum System 


- (See Figure 8.) 


The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the address/ 
data bus (ADO-—AD7) at this time, into a latch. Ad- 
dress lines A8 through A15 do not need to be 
latched because they remain valid throughout. the 
bus cycle. From T1 to T4 the |O/M signal indicates a 
memory or !/O operation. At T2 the address is re- 
moved from the address/data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 


returns the read signal to a HIGH level, the ad- 


dressed device will again 3-state its bus drivers. If a 
transceiver is required to buffer the 80C88 local bus, 
signals DT/R and DEN are provided by the 80C88. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The |O/M signal is 
again asserted to indicate a memory or |/O write 


operation. In T2, immediately following the address 
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emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. . | 
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The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. B2C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table, as described earlier. 


BUS TIMING — MEDIUM COMPLEXITY 
SYSTEMS 


(See Figure 11.) 


For medium complexity systems, the MN/MxX pin is 
connected to GND and the 82C88 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 80C88 is capable of 
handling. Signals ALE, DEN, and DT/R are generat- 
ed by the 82C88 instead of the processor in this 
configuration, although their timing remains relatively 
the same. The 80C88 status outputs (S2, Si, and 
SO) provide type of cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, 1/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the usual T and OE inputs from the 
82C88’s DT/R and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A priority inter- 
rupt controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software ‘‘poll’’. 


THE 80C88 COMPARED TO THE 80C86 
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lent 80C86 functions. The 80C88 handles the exter- 
nal bus the same way the 80C86 does with the dis- 
tinction of handling only 8 bits at a time. Sixteen-bit 
operands are fetched or written in two consecutive 
bus cycles. Both processors will appear identical to 
the software engineer, with the exception of execu- 
tion time. The internal register structure is identical 
and all instructions have the same end result. The 
differences between the 80C88 and 80C86 are out- 
lined below. The engineer who is unfamiliar with the 
80C86 is referred to the iAPX 86, 88 User’s Manual, 
Chapters 2 and 4, for function description and in- 
struction set information. Internally, there are three 


_ differences between the 80C88 and the-80C86. All 


The 80C88 CPU is an 8-bit processor designed | 


around the 80C86 internal structure. Most internal 
functions of the 80C88 are identical to the equiva- 
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changes are related to the 8-bit bus interface. 


e The queue length is 4 bytes in the 80C88, where- 
as the 80C86 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching | 
instructions. This was required because of the 
additional time necessary to: fetch instructions 8 
bits at a time. 


To further optimize the queue, the prefetching al- 
gorithm was changed. The 80C88 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1 byte hole (space available) in the 
queue. The 80C86 waits until a 2-byte space is 
available. 


The internal execution time of the instruction set 

is affected by the 8-bit interface. All 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 80C88 are being used, the queue has time 
to fill and the execution proceeds as fast as the 
execution unit will allow. 


The 80C88 and 80C86 are completely software 
compatible by virture of their identical execution 
units. Software that is system dependent may not be 
completely transferable, but software that is not sys- 
tem dependent will operate equally as well on an 
80C88 or an 80C86. 


The hardware interface of the 80C88 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 


e A8-A15 — These pins are only address outputs 
on the 80C88. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 
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e BHE has no meaning on the 80C88 and has been e |O/M has been inverted to be compatible with the 


eliminated. | MCS-85 bus structure. | 

e SSO provides the SO status information in the e ALE is delayed by one clock cycle in the mini- 
minimum mode. This output occurs on pin 34 in mum mode when entering HALT, to allow the 
minimum mode only. DT/R, l|O/M, and SSO pro- status to be latched with ALE. 


vide the complete bus status in minimum mode. 
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Figure 11. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent dam- 
Supply Voltage age to the device. This is a stress rating only and 
(With respect to ground) ........... —0.5 to 8.0V functional operation of the device at these or any 
Operating Supply Voltage other conditions above those indicated in the opera- 
(w.r.t. ground) ............. 0. ce eee 4.0 to 7.0V tional sections of this specification is not implied. Ex- 
Input Voltage Applied posure to absolute maximum rating conditions for 
(w.r.t. ground) ............. —2.0 to Voc + 0.5V extended periods may affect device reliability. 
Output Voltage Applied 
(w.r.t. ground) ............. —0.5toVeo + 0.5V NOTICE: Specifications contained within the 
Power Dissipation.............. 0.0 c cece eee 1.0W following tables are subject to change. 
Storage Temperature .......... — 65°C to + 150°C 


Ambient Temperature Under Bias ....0°C to + 70°C 


D.C. CHARACTERISTICS (80C88: T, = 0°C to 70°C, Voc = 5V +10%) 
(80C88-2: Ta = 0°C to 70°C, Voc = 5V +5%) 


[Symbol | Parameter ‘(| ‘Min 


Test Conditions 


V 


input Low Voltage p -os [ tos |v [| 
Input High Voltage 
V (All input except Voc+0.5 V 
RQ/GT0, RQ/GT1) 
Output Low Voltage [0a Vt = 20m 
loH = —100 pA 


Ta = 25°C, Vcc = 5.5V 
loo Power Supply Current Lo 10 mA/MHz Viw = GND, Vir = Voc 


Vin(max) = Voc or GND 
ICCS Standby Supply Current i > = §.5V 


Voc 
ue Unloaded 
0V<Vin< Voc 
Input Leakage Current 
BHL (Bus Hold Low) 
Input Leakage Current = _ 
IBHH Bus Hold High) | 50 o 


" 0.5 
IH 2.0 
OL 
O 3.0 
OH utput High Voltage Vee 04 
loc 
LW 
K = GNDor Vcc 
inputLeakage Curent + ——S*dtCi : 
Vin = 0.8V 
: Vin = 3.0V 
Sus Hoo so | 400 | HA | ire 
Bus Hold Low Overdrive | —S*d 0 
Bus Hold High Overdrive || —600_| A | (Notes) 
Clock Input Low Voltage ace! 
Clock InputHigh Voltage | Vog-08 | Vogts} Vv [ 


Capacitance of Input Buffer 
CIN (All input except 5 (Note 3) 
ADo-AD7 RQ/GT) 


L 
(Note 4) 
Output Leakage Current #10 | mA | 0<VoursVoo ids 
pF 
Capacitance of I/O Buffer 


Output Capacitance ee (Note 3) 


NOTES: 
1. Test condition is to lower Vix, to GND and then raise Vix to 0.8V on pins 2-16, 26-32, and 34-39, 
2. Test condition is to raise Vij to Voc and then. lower Vij to 3.0V on pins 2-16, 26-32, and 34-39. 
3. Test conditions are a) Frequency = 1 MHz. 
b) Unmeasured pins at GND 

C) Vin at +5.0V or GND. 
4. An external driver must source at least Igyio to switch this node from LOW to HIGH. 
5. An external driver must sink at least IsHHo to switch this node from HIGH to LOW. 
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A.C. CHARACTERISTICS (80C88: Ta = 0°C to 70°C, Vog = 5V +10%) 
| | (80C88-2: Ta = 0°C to 70°C, Voc = 5V +5%) 


MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 
, 80C88 80C88-2 


Symbol Parameter | in 


' Max 
TCLCL CLK Cycle Period D.C. 
10 
10 
30 
10 
35 


O 


125 C. 


Units Hest | 
| Conditions 


TCLCH CLK Low Time 
TCHCL CLK High Time 


TCH1CH2 CLK Rise Time 


TCL2CL1 


0 


From 1.0V 
to 3.5V 


—_—, 


From 3.5V 


CLK Fall Time to 1.0V 


_h 
je) 


44 
ef a 


~ TDVCL 
TCLDX 


Data in Setup Time 
Data in Hold Time 
RDY Setup Time 

into 82C84A 
(Notes 1, 2) | 
RDY Hold Time 


into 82C84A 
(Notes 1, 2) 


READY Setup 
Ten Time into 80C88 


| READY Hold Time 
TCHRYX | into 80C88 


TRIVCL 


TCLR1X 


ue CL = 20—100 pF 


” 


©o 


30 0 
| READY Inactive to | 
TENE | CLK (Note 3) ni 
THVCH | HOLD Setup Time 


INTR, NMI, TEST 
TINVCH 


Setup Time 
(Note 2) 


NO NO co) a — 
>) on © 


ie) 
oO 
— 
On 


— ok 
Ol O1 


TILIH Input Rise Time | From 0.8V 
| (Except CLK) Rae to 2.0V 
Input Fall Time | From 2.0V | 
TN | xcept ux) 


NOTES: ; 
1. Signal at 82C84A or 82C88 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into TS state). 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


TCLAV | Address Valid Delay 
TCLAX Address Hold Time 


80C88 


© 
° 
2) 
oo 
rid 
nS) 


Test 
Conditions 


— 
— 
© 
= 
” 


“4 
jo) 


= 
n 


TCLAZ | Address Float Delay TCLAX TCLAX 50 
TLHLL | ALE Width TCLCH-20 TCLCH-10 
TCLLH | ALE Active Delay | 80 | 

TCHLL | ALE Inactive Delay 85] 


TLLAX Address Hold Time to TCHCL-10 


ALE Inactive 


TCLDV | Data Valid Delay or ae 

Data Hold Time 
TWHDX | atte WR TCLCH-30 a TCLCH-30 eS ns | 6, = 20-100 pF 

for all 80C88 

TCVCTV | Control Active Delay 1 Seo neadaih 
TCHCTV | Control Active Delay 2 | 60 | ns | to internal loads 
TCVCTX | Control Inactive Delay 1 ns | 

Address Float to READ 
TAZRL | ‘Active 


TCLRL 
TCLRH 


RD Active Delay 
RD Inactive Delay 


150 


TCLCL-45 a TCLOL-40 | 


2TCLCL--50 


RD Inactive to Next 
Address Active 


TCLHAV | HLDA Valid Delay 


TRLRH 2TCLCL-75| 
TWLWH | WR Width _ 2TCLCL-60| | 
TAVAL TCLCH-60 


TOHOL | Output Fall Time cs ae 


TRHAV Ss 


> = 
” ” 


0 
0 
0 
10 
0 
0) 
10 
0 


pare — | —|ox4} a ak || ok rer 
-) oO; oO O};O; O° oO}oO on m®) 


n 
ns 


2TCLCL-40 


ek) ok — => 
>) co) 
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n 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


Ss 
Ns . 


Input/Output 


DEVICE 


C, 100 pF 


231197-12 231197-13 


A.C. Testing inputs are driven at 2.4V for a logic “1” and 0.45V 
for a logic ‘‘O”. The clock is driven at 4.3V and 0.25V. Timing 
measurements are made at Voy and Vo,. 


C. Includes Jig Capacitance 
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intel | | | ices... PRELIMINARY | 


WAVEFORMS 


BUS TIMING — MINIMUM MODE SYSTEM 


T3 Tw ir) 
TCLCL TCHICH2 TCL2CL1 / 


ren To 


wa 
me XT rT) 
me ie a 


Vcu 
CLK (82C84A Output) 
VcL 


A,c8 Ag (Float during INTA) ae 
a 


Ais~Ag 


Ajg/Se-Arg/S3 


+ TRIVCL 
_ RDY (82C84A input) 


\ \. N 
\ \\ 
Kh 
READY (80C88 a feet 


AD7 - AD DATA = 
TRHAV-— 


READ CYCLE 
(NOTE 1) TCHCTV TCLRL TRLRH TCHCTV 
(WA, INTA = Von) 
OTR 


. TCVCTV—> 
DEN 


231197-14 
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intel 80C88/80C88-2 PRELIMINARY 


WAVEFORMS (Continued) 


BUS TIMING — MINIMUM MODE SYSTEM (Continued) 


® 1 T2 T3 Tw ar 
TCL2CL1 / 


CLK (82C84A Output) 
TCLAV > een he ea TCHDX = 
‘a eC Gm ee 
TCVCTV-» TWHDX ecuew 
WR Y —— 
ITE CYCLE sen 
NOTE 1 
TCVCTV—= 
-—— TWLWH ————_+- + 
WR 
TCVCTX —> — 
+—TDOVCL—+ =«—TCLDX 
AD7 — ADo = PowneR} FLOAT 
ar TCHCTV 
DTIR we 
INTA CYCLE Sey siines! Ba 
NOTES 1,3 7 
RD, WR=V —— , 
( on) INTA : : 
TCVCTV—+| TCVCTX 
DEN % x / 
SOFTWARE HALT - 
DEN,AD,WR,INTA = Von AD? — ADo z= INVALIO ADDRESS SOFTWARE HALT 
DT/R INDETERMINATE TCLAV Pome 231197-15 
NOTES: ry 


1. All timing measurements are made at Voy and Vo,. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Two INTA Cycles run back-to-back. The 80C88 local ADDR/Data bus is floating during both INTA Cycles. Control 
signals are shown for the second INTA cycle. 

4. Signals at 82C84A are shown for reference only. 
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ntel | 80C88/80C88-2 PRELIMINARY 


A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS | 


80C88 80C88-2 
TCLCL CLK Cycle Period 200 |} D.C. | 125 


— 
= 
1e°] 


TDVCL Data In Setup Time 
Data In Hold Time 
ca 


TCHRYX READY Hold Time into 80C88 30 


TRYLCL READY Inactive to CLK (See 


Note 4) : 


| Setup Time for Recognition 
TINVCH (INTR, NMI, TEST) 
(See Note 2) 


TGVCH RQ/GT Setup Time | | 
TCHGX RQ Hold Time into 80C88 
Input Rise Time . 
ee (Except CLK) 
TIHIL Input Fall Time (Except CLK) 


NOTES: 

1. Signal at 82C84A or 82C88 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into T3 state). 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


ae ar O 
o}]o @) 


G {4+ | 
ao ;-oO}]o 


CL = 20 —100 pF 


ns From 0.8V to 2.0V 


ns From 2.0V to 0.8V 


— 
ear 
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intel 80C88/80C88-2 PRELIMINARY 


A.C. CHARACTERISTICS 


TIMING RESPONSES 


oo 
© 
© 
co 
© 


80C88-2 


Parameter Min Test Conditions 


Command Active Delay - 
(Note 1) 


Command Inactive Delay 5 
(Note 1) 


35 
READY Active to Status Passive 65 
(Note 3) 
Status Active Delay 10 110 
TCLSH __| Status Inactive Delay 7 10 130 0 
1 


a 
10 

Address Valid Delay 0 | 110 
10 


=) 
.¢2) 


ioe) 
Oi 


ns 


ee 


Oa ea DiIn|@ 
1.1 oo) ro) 


n 


NS 


ns 
S 


Address Hold Time 10 | ons | 
Address Float Delay TCLAX | 80 | TCLAX | ons | 
Status Valid to ALE High 

TSVLH | (Note 1) 
Status Valid to MCE High 

TSVMCH| Note 1) 

TOLL | CLK Low to ALE Valid +e 
(Note 1) 

TCLMCH | CLK Low to MCE High a 

| (Note 1) 

TCHLL | ALE Inactive Delay (Note 1) 

TCLMCL | MCE Inactive Delay (Note 1) 15 | 


|TCLDV | Data Valid Delay 
|TCHDX | Data Hold Time _ 


Control Active Delay 


TCVNY | (Note 1) 7 


| Control Inactive Delay 
TOVINX | (Note 1) 
TAZRL Address Float to Read Active 


TCLRL | RD Active Delay 10 
}TCLRH | RD Inactive Delay 10 


RD Inactive to Next Address 


Cy = 20-100 pF for 
| all 80C88 Outputs 

in addition to 
internal loads 


4 


awh 
as 
n Oo 


io) 


oma ome av 
{ 


From 0.8V to 


Direction Control Active Delay 50 
| (Note 1) . 
Direction Control inactive Delay 30 
(Note 1) | 
GT Active Delay | 
TCLGH | GT Inactive Delay 85 
TRLRH | RD Width — | 2TCLCL-75 


TOLOH | Output Rise Time 


TOHOL | Output Fall Time 15 i 15 | ns nye 


intel | ————-ggess/s0css-2 PRELIMINARY 


WAVEFORMS 


BUS TIMING—MAXIMUM MODE 


T T2. T3 V4 


TCLCL TCHICH2 TCL2CL1 Tw 


CLK 


TCLAV ae 
See a $444 _ 


$2,51,59 (EXCEPT HALT) 


Men yt teat t+ + 
mews |X| ed KT | we [1 


TSVLH~ | 
: TCLLH 
| ‘i 
ALE (82C88 OUTPUT) / 
RDY (82C84 INPUT) \N \ 


SEE NOTE 5 


READY (80C88 INPUT) | 


—~! TRYHCH I+— 


READ CYCLE, TCLAV TOVCL TCLOX 
AD, ~ AD : AIN 
7A ( [aerate] trot ee ae on 
TCLAH — TRHAV 
RD 
TCHDTL TCHOTH 
DT 
Uden rail al 
62C88 OUTPUTS | ____ 
MROC OR IORC 
SEE NOTES 5,6 
TCVNV—= 

DEN 

TCVNX —~> — 


231197-16 
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intel 80C88/80C88-2 PRELIMINARY 


WAVEFORMS (Continued) 


BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88) 


T, T T, 


t 
TCHSV : o Tuy 


cux YH 
a ee 


s. 5 ercerr omen WT re 


WRITE CYCLE TCLAV Le] Mea {CLSH TCHDX 
a nono, II) ee 
Pf TCX 
DEN 


outputs _, AMWc 
OR AIOWC 
SEE | TCLMH 
NOTES 5,6 MWTC 
OR jOWC 
RESERVED FOR 
INTA CYCLE CASCADE ADDR 
Ais-Ag —~< | | eee 
(SEE NOTES 3 4) » FLOAT FLOAT 
TCLAZ +1 | / =o TDVCL TCLDX 
AD,-AD, (Ore | iecoliath FLOAT 
Ee ami 
) 
MCE! it a t 
PDEN TCLMCH- 
DT/R ; 7 


82C88 OUTPUTS 
SEE NOTES 5,6 } [NTA 


DEN 


TCVNX 


SOFTWARE | a eee at 
HALT — (DEN = V,,; RD, MRDC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA,DT/R = 


AD,-ADg, A,5-Ag INVALID ADDRESS 


Vou: 


TCLAV 


231197-17 


‘NOTES: 

1. All timing measurements are made at Voy and Vo,. 
2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycles. 

4. Two INTA cycles run back-to-back. The 80C88 local ADDR/Data bus is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 82C84A or 82C88 are shown for reference only. ae 

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and 
DEN) lags the active high 82C88 CEN. 

7. Status inactive in state just prior to T4. 
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intel = = —_ eocasysoces-2 PRELIMINARY 


WAVEFORMS (Continued) 


| BUS LOCK SIGNAL TIMING | 
ASYNCHRONOUS SIGNAL RECOGNITION (MAXIMUM MODE ONLY) 


ANY CLK CYCLE | __ANY CLK CYCLE 


wi | —-» |+— TINVCH (see note 1} CLK 


INTR signal 


TCLAV — — -— TCLAV 
LOCK 


231197-19 


TEST 
231197-18 


NOTE: Setup requirements for asynchronous signals 
only to guarantee recognition at next CLK. 


ANY CLK . 
CYCLE 20-CLK CYCLE 


’ COPROCESSOR 
RELEASE 


| COPROCESSOR 
5,,5 fe eee cE PR SE ET A, = mr, 

RD, LOCK (see note 1) 

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 
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HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


«=~ 1 OR 2 CYCLES 


A \ 


a — TCLHAV 


COPROCESSOR e0cee 
ee 
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80C8s8/80C8s-2 


PRELIMINARY 


INSTRUCTION SET SUMMARY (Continued) 


CONTROL TRANSFER 
CALL = Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 


76543210 


190011010 


Indirect intersegment 


JP = Uncanditional Jump: 
Direct within segment 

Direct within segment-short 
indirect within segment 
Direct intersegment 


indirect intersegment Vt1tt1rt 


RET = Return from CALL: 

Within ‘segment : 
Within seg. adding immed to SP 
intersegment - 

intersegment adding immediate to SP 


JEIIZ = Jump on equal/zero 
A/JINGE = Jump on less/not greater 
or equal 


14000011 


11001010 | 


01111100 

JLE/ING = Jump on less or equalinot 
greater 

JBLINAE = Jump on below/not above 
or equal 

JNA mp on below or equal/ 

SELMA = ue Shove 

JPIIPE = Jump on parity/parity even 

JO = Jump on overtiow 


JS = Jump on sign 


JME/INZ = Jump on not equaiinot zero 
JNL/IGE = Jump on not less/greater 
or equal 


JMLEIIG = Jump on not less or equal/ 
greater 


Po1110000 |. 
01111000 


Footnotes: 


AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

OS = Data segment 

ES = Extra segment 

Abvove/delow refers io unsigned value. 

Greater = more positive: 

Less « less positive (more negative) signed vaiues 
if d= 1 then “to” rag: fd = 0 then “from” reg 

if w= 1 then word instruction: if w = 0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then OISP = 6°. disp-low and disp-high are absent 

it mod = 01 then DISP = disp-low sign-extended to 16-bits. disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 


if rim = 000 then EA = (BX) + (SI) + DISP 

if rim = 001 then EA = (BX) + (D1) + DISP 

if rim = 010 then EA = (BP) + (Si) + DISP 

if rim = 011 then EA = (BP) + (Di) + DISP 

if rim = 100 then EA = (SI) + DISP 

if rim = 104 then EA = (D1) + DISP 

if rim = 110 then EA = (BP) + DISP* 

if dim = 111 then EA = (BX) + DISP 

OISP fottows 2nd byte of instruction (before data if required) 


“except if mod = 00 and rim «= 110 then EA = disp-high: disp-low. 


Mnemonics - intel, 1978 


76543210 


Cari07000 | dapiow | diephigh | 
iret | oso rom | 


| mod 1010m_ | 


rr000010 |  dainiow | daiwhigh 


Poriorog | disp 


[orititt0 disp } 
ov1i0010 | dp 
disp 


78843210 
JNBIJJAE Jump on not below/above 
or equal 


JMBE/JA Jump on not below or 
equal/above 


JNP/IJPO = Jump on not par/par odd 
JNO = Jump on not overtiow 

JNS Jump on not sign 

LOOP Loop CX times 


LOOPZ/LOOPE Loop while zero/equai 


LOOPNZ/LOOPNE Loop while not 
zero/equal 


JCXZ Jump on CX zero 


INT interrupt 

Type specified 

Type 3 

INTO = Interrupt on overtiow 
IRET interrupt return 


PROCESSOR CONTROL 
CLC Clear carry 

CMC Complement carry 

STC Set carry 

CLD Clear direction 

STD Set direction 

CU Clear interrupt 

STt Seat interrupt 

HLT Hait 

WAIT Wait 

ESC Escape (to external device) 
LOCK Bus lock prefix 


if s:w = 01 then 16 bits of immediate data form the operand. 

if s:w = 11 then an immediate data byte is sign extended to 
form the 16-bit operand. 

if v = 0 then “count” = 1; if v = 1 then ‘count’ in (CL) 

x = don't care 

2 is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


001 1reg110 


REG is assigned according to the following table: 


16-BH [w = 1} 8-bit [w = 0} Segment 
000 AX 000 AL oo ES 
001 CX 001 CL 01 CS 
010 DX 010 DL 10 SS 
O11 BX 011 BL 11 DOS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
114 Ol 111 BH 


Instructions which reterence the flag register file as a 16-bit object use 
the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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76843210 76543210 


- 04170011 disp 4 


011101171 disp 


ori10001 | dep 


fori11001 | disp 
rio0070 | dep 


rriooo01 | dsp 


1 100 1 100 


itxxx 
11110000 


* 


231197-23 


] ADVANCE INFORMATION 


82C37A-5 
CHMOS HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 


m@ Pin Compatible with NMOS 8237A-5 m@ High performance: 5 MHz Speed 
m Enable/Disable Control of Individual EShSTere UP AO: 1b 0 WP 08! SEONG 
DMA Requests m@ Directly Expandable to any Number of 
= Four Independent DMA Channels Channels 
m Independent Autoinitialization of all m End of Process Input for Terminating 
| Transfers 


Channels 
m Memory-to-Memory Transfers . 
m Memory Block Initialization 
m@ Address Increment or Decrement 


m Software DMA Requests 


= Independent Polarity Control for DREQ 
and DACK Signals 


The Intel 82C37A-5 Multimode Direct Memory Access (DMA) Controller is a CHMOS peripheral interface 
circuit for microprocessor systems. It is designed to improve system performance by allowing external devices 
to directly transfer information from the system memory. Memory-to-memory transfer capability is also provid- 
ed. The 82C37A-5 offers a wide variety of programmable control features to enhance data throughput and 
system optimization and to allow dynamic reconfiguration under program control. 


The 82C37A-5 is designed to be used in conjunction with an external 8-bit address register. It contains four 
independent channels and may be expanded to any number of channels by cascading additional controller 
chips. 


The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel 
can be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 


Each channel has a full 64K address and word count capability. 


The 82C37A-5 will not be available from Intel until late 1985. 


OECREMENTOR INCIDECREMENTOAR A0-A3 
TEMP W | etree | bdo ea | some | ERED 
COUNT REG | etree | 


16 BIT BUS 
16 BIT BUS 


O 
AND 


| CONTAOL ate. j honed CURRENT | ee 
«| count ne COUNT 


(t | 
WEMR | (1@) | 16) 
TOR COMMAND 
CONTAOL 
Tow 


WRITE SUFFER | mea aurren 
ie! ‘ 
DAEQ3 PRIORITY } comuano INTERNAL DATA BUS vO BUFFER Sa 
ENCODER 
HLDA AND a [| 
ROTATING 
nee PRIORITY 


pacno- 4 Loaic 
DACK3 a =a | rewonanr 231202—2 
| Figure 2. Pin 
231202-1 Configuration 
Figure 1. Block Diagram 


intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. December 1964 
© Intel Corporation, 1984 Order Number: 231202-001 
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nto  goca7a-s ADVANCE INFORMATION 


Table 1. Pin Description 


Toe" . Name and Function 
POWER: +5 volt supply. 
GROUND: Ground. | | 


CLOCK INPUT: Clock input controls the internal operations of the 
82C37A-5 and its rate of data transfers. The input may be driven at 
up to 5 MHz for the 82C37A-5. 


_ CHIP SELECT: Chip Select is an n active low input used to select the 
82C37A-5 as an I/O device during the Idle ee This allows CPU 
communication on the data bus. 


RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the first/last 
flip-flop and sets the Mask register. Following a Reset the device is 
in the Idle cycle. \ 


READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37A-5 to accommodate slow memories or 
|/O peripheral devices. Ready must not make transitions during its 

specified setup/hold time. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 


_ DMA REQUEST: The DMA Request lines are individual 
asynchronous channel request inputs used by peripheral circuits to 
obtain DMA service. In fixed Priority, DREQO has the highest priority 
and DREQ3 has the lowest priority. A request is generated by 
activating the DREQ line of a channel. DACK will acknowledge the 
recognition of DREQ signal. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. DREQ must be 
maintained until the corresponding DACK goes active. 


DBO-DB7 1/0 DATA BUS: The Data Bus lines are bidirectional three-state signals 
connected to the system data bus. The outputs are enabled in the 
Program condition during the |/O Read to output the contents of an 
Address register, a Status register, the Temporary register or a 
Word Count register to the CPU. The outputs are disabled and the 
inputs are read during an I/O Write cycle when the CPU is 
programming the 82C37A-5 control registers. During DMA cycles 
the most significant 8 bits of the address are output onto the data 
bus to be strobed into an external latch by ADSTB. In. memory-to- 
memory operations, data from the memory comes into the 
82C37A-5 on the data bus during the read-from-memory transfer. In 
the write-to-memory transfer, the data bus outputs place the data 
into the new memory location. 


I/O READ: I/O Read is a bidirectional active low three- state line. In 
the Idle cycle, itis an input control signal used by the CPU to read 
the control registers. In the Active cycle, it is an output control signal 
used by the 82C37A-5 to access data from a peripheral during a 
DMA Write transfer. 


1/O WRITE: !/O Write is a bidirectional active low three-state line. 
In the Idle cycle, it is an input control signal used by the CPU to load 
information into the 82C37A-5. In the Active cycle, it is an output 
control signal used by the 82C37A-5 to load data to the peripheral 
during a DMA Read transfer. 


RESET 


an 


READY 
HLDA 


DREQO-DREQ3 


1/O 
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Table 1. Pin Description (Continued) 


Name and Function 


END OF PROCESS: End of Process is an active low bidirectional 
signal. Information concerning the completion of DMA services is 
available at the bidirectional EOP pin. The 82C37A-5 allows an 
external signal to terminate an active DMA service. This is 
accomplished by pulling the EOP input low with an external EOP 
signal. The 82C37A-5 also generates a pulse when the terminal 
count (TC) for any channel is reached. This generates an EOP 
signal which is output through the EOP Line. The reception of EOP, 
either internal or external, will cause the 82C37A-5 to terminate the 
service, reset the request, and, if Autoinitialize is enabled, to write 
the base registers to the current registers of that channel. The mask 
bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for __ 
Autoinitialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, EOP will be output when the TC for 
channel 1 occurs. EOP should be tied high with a pull-up resistor if it 
is not used to prevent erroneous end of process inputs. 


ADDRESS: The four least significant address lines are bidirectional 
three-state signals. In the idle cycle they are inputs and are used by 
the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output — 
address. 


ADDRESS: The four most significant address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled only 
during the DMA service. 


HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control of the system bus. If the corresponding mask bit 
is clear, the presence of any valid DREQ causes 82C37A-5 to issue 
the HRQ. After HRQ goes active at least one clock cycle (TCY) 
must occur before HLDA goes active. 


DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the 
individual peripherals when one has been granted a DMA cycle. The 
sense of these lines is programmable. Reset initializes them to 
active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper address byte into an external latch. 


MEMORY READ: The Memory Read signal is an active low three- 
state output used to access data from the selected memory 
location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state 


output used to write data to the selected memory location during a 
DMA Write or a memory-to-memory transfer. 
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FUNCTIONAL DESCRIPTION — 


The 82C37A-5 block diagram includes the major log- 
ic blocks and all of the internal registers. The data 
interconnection paths are also shown. Not shown 
are the various control signals between the blocks. 
The 82C37A-5 contains 344 bits of internal memory 


in the form of registers. Figure 3 lists these registers | 


by name and shows the size of each. A detailed 
description of the registers and their functions can 
be found under Register Description. 


Base Address Registers 16 bits 
Base Word Count Registers 16 bits 
Current Address Registers 16 bits 
Current Word Count Registers 16 bits 
Temporary Address Register 16 bits 


Temporary Word Count Register 16 bits 
Status Register 8 bits 
Command Register 8 bits 
Temporary Register 8 bits 
Mode Registers 6 bits 
Mask Register 4 bits 
Request Register 4 bits 


sae Reso os os ao HRA A A 


Figure 3. 82C37A-5 internal Registers 


The 82C37A-5 contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 82C37A-5. 
The Program Command Control block decodes the 
various commands given to the 82C37A-5 by the mi- 
croprocessor prior to servicing a DMA Request. It 
also decodes the Mode Control word used to select 
the type of DMA during the servicing. The Priority 
Encoder block resolves priority contention between 
DMA channels requesting service simultaneously. 


The Timing Control block derives internal timing 
from the clock input. In 82C37A-5 systems this input 
will usually be the 2 TTL clock from an 8224 or 
CLK from an. 8085AH or 82C84A. For 8085AH-2 
systems above 3.9 MHz, the 8085 CLK(OUT) does 
not satisfy 82C37A-5 clock LOW and HIGH time re- 
quirements. In this case, an external clock should be 
used to drive the 82C37A-5. 


DMA Operation 


The 82C37A-5 is designed to operate in two major 
cycles. These are called Idle and Active cycles. 
Each device cycle is made up of a number of states. 
The 82C37A-5 can assume seven separate states, 
each composed of one full clock period. State 1 ($1) 
is the inactive state. It is entered when the 
82C37A-5 has no valid DMA requests pending. 
While in S1, the DMA controller is inactive but may 
be in the Program Condition, being programmed by 
the processor. State SO (SO) is the first state of a 
DMA service. The 82C37A-5 has requested a hold 
but the processor has not yet returned an acknowl- 
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edge. The 82C37A-5 may still be programmed until it 
receives HLDA from the CPU. An acknowledge from 
the CPU will signal that DMA transfers may begin. 
$1, S2, S3 and S4 are the working states of the 
DMA service. If more time is needed to complete a 
transfer than is available with normal timing, wait 
states (SW) can be inserted between S2 or S3 and 


$4 by the use of the Ready line on the 82C37A-5. 


Note that the data is transferred directly from the 
I/O device to memory (or vice versa) with |OR and 
MEMW (or MEMR and IOW) being active at the 
same time. The data is not read into or driven out of 
the 82C37A-5 in |/O-to-memory or memory-to-l/O 
DMA transfers. 


Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read- 
from-memory half and the last four states (S21, S22, 
$23, S24) for the write-to-memory half of the transfer. 


IDLE CYCLE 


When no channel is requesting service, the 
82C37A-5 will enter the Idle cycle and perform ‘S1” 
states. In this cycle the 82C37A-5 will sample the 
DREQ lines every clock cycle to determine if any 
channel is requesting a DMA service. The device will 
also sample CS, looking for an attempt by the micro- 
processor to write or read the internal registers of 
the 82C37A-5. When CS is low and HLDA is low, the 
82C37A-5 enters the Program Condition. The CPU 
can now establish, change or inspect the internal 
definition of the part by reading from or writing to the 
internal registers. Address lines AO-—A3 are inputs to 
the device and select which registers will be read or 
written. The IOR and IOW lines are used to select 
and time reads or writes. Due to the number and size © 
of the internal registers, an internal flip-flop is used 
to generate an additional bit of address. This bit is 
used to determine the upper or lower byte of the 16- 
bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. A separate soft- 
ware command can also reset this flip-flop. 


Special software commands can be executed by the 
82C37A-5 in the Program Condition. These com- 
mands are decoded as sets of addresses with the 
CS and IOW. The commands do not make use of 
the data bus. Instructions include Clear First/Last 
Flip-Flop and Master Clear. 


ACTIVE CYCLE 


When the 82C37A-5 is in the Idle cycle and a non- 
masked channel requests a DMA service, the device 
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will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 


Single Transfer Mode — In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad- 
dress decremented or incremented following each 
transfer. When the word count “rolls over” from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto- 
initialize if the channel has been programmed to do 
SO. 


DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed, in 8080A, 8085AH, 
80C88, or 80C86 system this will ensure one full ma- 
chine cycle execution between DMA transfers. De- 
tails of timing between the 82C37A-5 and other bus 
control protocols will depend upon the characteris- 
tics of the microprocessor involved. 


Block Transfer Mode — In Block Transfer mode 
the device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external. End of 
Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 


Demand Transfer Mode — In Demand Transfer 
mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the |1/O device has exhausted its data 
capacity. After the |/O device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 82C37A-5 Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. 


Cascade Mode — This mode is used to cascade 
more than one 82C37A-5 together for simple system 
expansion. The HRQ and HLDA signals from the ad- 
ditional 82C37A-5 are connected to the DREQ and 
DACK signals of a channel of the initial 82C37A-5. 
This allows the DMA requests of the additional de- 
vice to propagate through the priority network cir- 
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade chan- 
nel of the initial 82C37A-5 is used only for prioritizing 
the additional device, it does not output any address 
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or control signals of its own. These could conflict 
with the outputs of the active channel in the added 
device. The 82C37A-5 will respond to DREQ and 
DACK but all other outputs except HRQ will be dis- 
abled. The ready input is ignored. 


Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level DMA _ system. More 
82C37A-5s could be added at the second level by 
using the remaining channels of the first level. Addi- 
tional devices can also be added by cascading into 
the channels of the second level devices, forming a 
third level. 7 


2ND LEVEL 


1ST LEVEL S2C37A-5 
MICROPROCESSOR 


HRQ DREQ 
HLDA DACK 


82C37A-5 


DREQ 
OACK HLDA 


INITIAL DEVICE 


82C37A-5 


ADDITIONAL 
DEVICES 
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Figure 4. Cascaded 82C37A-5s 


TRANSFER TYPES 


Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from and 
|\/O device to the memory by activating MEMW and 
lOR. Read transfers move data from memory to an 
I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 82C37A-5 oper- 
ates as in Read or Write transfers generating ad- 
dresses, and responding to EOP, etc. However, the 
memory and !/O control lines all remain inactive. 
The ready input is ignored in verify mode. 


Memory-to-Memory — To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and time, the 
82C37A-5 includes a memory-to-memory transfer 
feature. Programming a bit in the Command register 
selects channels 0 to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel 0. The 
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82C37A-5 requests a DMA service in the normal 
manner. After HLDA is true, the device, using four 
state transfers in Block Transfer mode, reads data 
from the memory. The channei 0 Current Address 
register is the source for the address used and is 
decremented or incremented in the normal manner. 
The data byte read from the memory is stored in the 
82C37A-5 internal Temporary register. Channel 1 
then performs a four-state transfer of the data from 
the Temporary register to memory using the address 
in its Current Address register and incrementing or 
decrementing it in the normal manner. The channel 
1 current Word Count is decremented. When the 
word count of channel 1 goes to FFFFH, a TC is 


generated causing an EOP output terminating the — 


service. 


Channel 0 may be programmed to retain the same 
address for ail transfers. This allows a single word to 
be written to a block of memory. 


The 82C37A-5 will respond to external EOP signals 
during memory-to-memory transfers. Data compara- 
tors in block search schemes may use this input to 
terminate the service when a match is found. The 
timing of memory-to-memory transfers is found in 
Figure 12. Memory-to-memory operations can be 
detected as an active AEN with no DACK outputs. 


Autoinitialize — By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi- 
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EOP. The base registers are load- 
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial- 
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 


DREQ is detected. In order to Autoinitialize both — 


channels in a memory-to-memory transfer, both 
word counts should be programmed identically. If in- 
terrupted externally, EOP pulses shouid be applied 
in both bus cycles. 


Priority — The 82C37A-5 has two types of priority 
encoding available as software selectable options. 
The first is Fixed Priority which fixes the channels in 
priority order based upon the descending value of 
their number. The channel with the lowest priority is 
3 followed by 2, 1 and the highest priority channel, 0. 
After the recognition of any one channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 


The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 


82C37A-5 ADVANCE INFORMATION 


r 
ist 2nd 3rd 
Service Service Service 


2 ~a-— service 3 ~e— service 


highest 0 


1 «g— service 
231202-4 


With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents any one 
channel from monopolizing the system. 


Compressed Timing — In order to achieve even 
greater throughput where system characteristics 
permit, the 82C37A-5 can compress the transfer 
time to two clock cycles. From Figure 11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. By removing state S3, the read 
pulse width is made equal to the write pulse width 
and a transfer consists only of state S2 to change 
the address and state S4 to perform the read/write. 
Si states will still occur when A8—A15 need updat- 
ing (see Address Generation). Timing for com- 
pressed transfers is found iri Figure 14. 


Address Generation — In order to reduce pin 
count, the 82C37A-5 multiplexes the eight higher or- 
der address bits on the data lines. State S1 is used 
to output the higher order address bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the 
latch. Address Enable’ (AEN) is used to enable the 
bits onto the address bus through a three-state en- 
able. The lower order address bits are output by the 
82C37A-5 directly. Lines AOQ-A7 should be connect- 
ed to the address bus. Figure 11 shows the time 
relationships between CLK, AEN, ADSTB, DBO- 
DB7 and A0O-A7. 


During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 82C37A-5 executes $1 states only 
when updating of A8—A15 in the latch is necessary. 
This means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 


REGISTER DESCRIPTION 


Current Address Register —- Each channel has a 
16-bit Current Address register. This register holds 
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the value of the address used during DMA transfers. 
The address is automatically incremented or decre- 
mented after each transfer and the intermediate val- 
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 
back to its original value. Autoinitialize takes place 
only after an EOP. 


Current Word Register — Each channel has a 16- 
bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg- 
ister (i.e., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load- 
ed or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its original value. Auto- 
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 


Base Address and Base Word Count Registers 
— Each channel has a pair of Base Address and 
Base Word Count registers. These 16-bit registers 
store the original value of their associated current 
registers. During Autoinitialize these values are used 
to restore the current registers to their original val- 
ues. The base registers are written simultaneously 
with their corresponding current register in 8-bit 
' bytes in the Program Condition by the microproces- 
sor. These registers cannot be read by the micro- 
processor. 


Command Register — This 8-bit register controls 
the operation of the 82C37A-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 


Mode Register — Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits 0 and 1 determine which channel 
Mode register is to be written. 


Request Register — The 82C37A-5 can respond to 
requests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to 
prioritization by the Priority Encoder network. Each 
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register bit is set or reset separately under software 
control or is cleared upon generation of a TC or ex- 
ternal EOP. The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 


Command Register 
7 6 5 4 3 2 1 O <¢——BIit Number 


Memory-to-memory disable 
Memory-to-memory enable 


Channel 0 address hoid disable 
Channel 0 address hold enable 
lf bitO=0 


Controller enable 
Controller disable 


Normal timing 
Compressed timing 
If bit O=1 


_— 


Fixed priority 
Rotating priority 


Late write selection 
Extended write selection 
If bit 3=1 


DREQ sense active high 
DREQ sense active low 


DACK sense active low 
DACK sense active high 


Mode Register 
7 6 5 4 3 2 1 =O <¢— Bit Number 


00 Channel 0 select 
Channel 1 select 
Channel 2 select 
Channel 3 select 


Verify transfer 
Write transfer 
Read transfer 
lilegal 

If bits 6 and 7= 11 


Autoinitialization disable 
Autoinitialization enable 


Address increment select 
Address decrement select 


Demand mode select 
Single mode select 
Block mode select 
Cascade mode select 


Request Register 
765 4 3 2 1 O <«#—Bit Number 


00 Select channel 0 
01 Select channel 1 
10 Select channel 2 
11 Select channel 3 


O Reset request bit 
1 Set request bit 
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dress coding. In order to make a software request, 
the channel must be in Block Mode. 


Mask Register — Each channel has associated 
with it a mask bit which can be set to disable the 
incoming DREQ. Each mask bit is set when its asso- 
ciated channel produces an EOP if the channel is 
not programmed for Autoinitialize. Each bit of the 4- 
bit Mask register may also be set or cleared sepa- 
rately under software control. The entire register is 
also set by a Reset. This disables all DMA requests 
until a clear Mask register instruction allows them to 
occur. The instruction to separately set or clear the 
mask bits is similar in form to that used with the 
Request register. See Figure 5 for instruction ad- 
dressing. 


7 6 5 4 3 2 1 =O ~<¢—— Bit Number 


a 00 Select channel 0 mask bit 
Don't Care | | 01 Select channel 1 mask bit 

10 Select channel 2 mask bit 

11 Select channel 3 mask bit 


Q Clear mask bit 
1 Set mask bit 
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All four bits of the Mask register may also be written 
with a single command. 
7 6 5 4 3 2 1 0 ~<¢—Bit Number 


“aH, ae” 
Don’t Care 


Clear channel 0 mask bit 
Set channel 0 mask bit 


Clear channel 1 mask bit 
Set channel 1 mask bit 


Clear channel 2 mask bit 
Set channel 2 mask bit 


Clear channel 3 mask bit 
Set channel 3 mask bit 
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Figure 5. Definition of Register Codes 
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Status Register — The Status register is available 
to be read out of the 82C37A-5 by the microproces- 
sor. It contains information about the status of the 
devices at this point. This information includes which 
channels have reached a terminal count and which 
channels have pending DMA requests. Bits 0-3 are 
set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting — 
service. 


7 6 5 4 3 2 #1 =O «<¢—— Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 
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Temporary Register — The Temporary register is 
used to hold data during memory-to-memory trans- 
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ- 
ous memory-to-memory operation, unless cleared 
by a Reset. 


Software Commands — These are additional spe- 
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft- 
ware commands are: 


Clear First/Last Flip-Flop: This command is exe- 
cuted prior to writing or reading new address or 
word count information to the 82C37A-5. This ini- 
tializes the flip-flop to a known state so that subse- 
quent accesses to register contents by the micro- 
processor will address upper and lower bytes in 
the correct sequence. 


Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com- 
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 82C37A-5 will enter the 
Idle cycle. 


Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 


Figure 6 lists the address codes for the software 


commands: 


TOR | TOW | 

| 0 | 1 | ReadStatus Register 
| 1 | 0 | Write Command Register 
ee 


Write Single Mask Register Bit 


Write Mode Register 


1 Illegal 
Clear Byte Pointer Flip-Flop 


Read Temporary Register 


Figure 6. Software Command Codes 


Register 


Base and Current Address 


Current Address 
Base and Current Word Count 


Current Word Count 


Base and Current Address 
Current Address 
Base and Current Word Count 


Current Word Count 


Base and Current Address 
Current Address 


Base and Current Word Count} 


Current Word Count 


Base and Current Address 
Current Address 
Base and Current Word Count 


Current Word Count 
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PROGRAMMING 


The 82C37A-5 will accept programming from the 
host processor any time that HLDA is inactive; this is 
true even if HRQ is active. The responsibility of the 
host is to assure that programming and HLDA are 
mutually exclusive. Note that a problem can occur if 
a DMA request occurs, on an unmasked channel 
while the 82C37A-5 is being programmed. For in- 
stance, the CPU may be starting to reprogram the 
two byte Address register of channel 1 when chan- 
nel 1 receives a DMA request. If the 82C37A-5 is 
enabled (bit 2 in the command register is 0) and 
channel 1 is unmasked, a DMA service will occur 
after only one byte of the Address register has been 
reprogrammed. This can be avoided by disabling the 
controller (setting bit 2 in the command register) or 
masking the channel before programming any other 
registers. Once the programming is complete, the 
controller can be enabled/unmasked. 
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Figure 7. Word Count and Address Register Command Codes 
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After power-up it is suggested that all internal loca- — 


tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. . 


APPLICATION INFORMATION 


Figure 8 shows a convenient method for configuring 
a DMA system with the 82C37A-5 controller and an 
8080A/8085AH microprocessor system. The multi- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 


B2C37A-5 ADVANCE INFORMATION 


from a peripheral device. When the processor re- 
plies with a HLDA signal, the 82C37A-5 takes con- 
trol of the address bus, the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes — the least significant 8 bits 
on the eight address outputs and the most signifi- 
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four DMA channels are provided 
when one 82C37A-5 is used. 


ADDRESS BUS AO-A15 


DBO-DB7 


A8-A15 


8-BIT LATCH 


CONTROL 
BUS 


SYSTEM DATA BUS 
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Figure 8. 82C37A-5 System Interface 
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82C59A-2 
CHMOS Programmable Interrupt Controlier 


m@ Pin Compatible with NMOS 8259A-2 m@ Individual Request Mask Capability 
w Eight-Level Priority Controller m 80C86/88 and 8080/85/86/88 

m Expandable to 64 levels Compatible 

m Programmable Interrupt Modes m Fully Static Design 

m Low Standby Power—10 pA m Single 5V Power Supply 


The Intel 82C59A-2 is a high performance CHMOS Version of the NMOS 8259A-2 Priority Interrupt Controller. 
The 82C59A is designed to relieve the system CPU from the task of polling in a multi-level priority interrupt 
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro- 
processors such as the 80C86/88, 8086/88 and 8080/85. 


The 82C59A-2 can handle up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without 
additional circuitry. It is designed to minimize the software and real time overhead in handling multi-level 
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements. 
Static CHMOS circuit design, requiring no clock input, insures low operating power. It is packaged in a 28-pin 
plastic DIP. 


INTA INT 


DATA 
BUS CONTROL LOGIC 
BUFFER 


IN 
SERVICE 


INTERRUPT 
REQUEST 


PRIORITY 
RESOLVER 


7 2 
REG @— IRA 82C59A-2 
(IRR) 8 21 


€— |R7 

CASO PT cascane | emt INTERRUPT MASK REG 
CAS 1 S——> BUFFER/ (IMR) 
C82 Penal | | , 231201-2 

; Figure 2. Pin Configuration 

INTERNAL BUS 
SP /EN 
231201-1 


Figure 1. Block Diagram 
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Table 1. Pin Description , 


Name and Function 
SUPPLY: + 5V Supply. 


CHIP SELECT: A low on this pin enables RD andWR- ~C 
communication between the CPU and the 82C59A-2. INTA 
functions are independent of CS. 


WRITE: A low on this pin when CS is low enables the 
82C59A-2 to accept command words from the CPU. 
READ: A low on this pin when CS is low enables the 
82C59A-2 to release status onto the data bus for the CPU. 


BIDIRECTIONAL DATA BUS: Control, status and interrupt- 
vector information is transferred via this bus. | 


CASCADE LINES: The CAS lines form a private 82C59A-2 
bus to control a multiple 82C59A-2 structure. These pins are 
outputs for a master 82C59A-2 and inputs for a slave 
82C59A-2. | 


SLAVE PROGRAM/ENABLE BUFFER: This is a dual 
function pin. When in the Buffered Mode it can be used as an 
output to control buffer transceivers (EN). When not in the 
buffered mode it is used as an input to designate a master (SP 
= 1) or slave (SP = 0). 


INTERRUPT: This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the CPU, thus itis 
connected to the CPU’s interrupt pin. 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt | 
request is executed by raising an IR input (low to high), and 
holding it high until it is acknowledged (Edge Triggered Mode), 
or just by a high level on an IR input (Level Triggered Mode). 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 
82C59A-2 interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 


AO ADDRESS LINE: This pin acts in conjunction with the CS, 
WR, and RD pins. It is used by the 82C59A-2 to decipher 
various Command Words the CPU writes and status the CPU 
wishes to read. It is typically connected to the CPU AO 
address line (A1 for 80C86, 80C88). . 


CASp-CAS> 12,13, 15 


3 
4-11 
SP/EN 16 
: 
INTA 26 | 
Ao 27 


IRo—IR7 18-25 
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FUNCTIONAL DESCRIPTION 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in an efficient man- 
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 


The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
‘‘ask”’ each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 


A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 


This method is called /nterrupt. |t is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 


Each peripheral device or structure usually has a 
‘special program or “routine” that is associated with 
its specific functional or operational requirements; 
this is referred to as a “service routine’. The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can “point” the 
Program Counter to the service routine associated 
with the requesting device. This “pointer” is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. © 
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The 82C59A-2 


The 82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer sys- 


CPU-ORIVEN 
MULTIPLEXOR 


1/0 (2) 


231201-3 


Figure 3a. Polled Method 


231201-4 


Figure 3b. Interrupt Method 
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tems. It manages eight levels or requests and has 
built-in features for expandability to other 
82C59A-2’s (up to 64 levels). It is programmed by 
the system’s software as an I/O peripheral. A selec- 
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc- 
essed by the 82C59A-2 can be configured to match 
system requirements. The priority modes can be 


changed or reconfigured dynamically at any time ; 


during the main program. This means that the com- 
plete interrupt structure can be defined as required, 
based on the total system environment. 


INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) | 


The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service Register (ISR). The 
IRR is used to store all the interrupt levels which are 
requesting service; and the ISR is used to store all 
the interrupt levels which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
INTA pulse. 


_INTERRUPT MASK REGISTER (!MR) 


The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 


INT (INTERRUPT) | 
This output goes directly to the CPU interrupt input. 
The Vow level on this line is designed to be fully 


compatible with the 8080A, 8085A, 80C88 and 
80C86 input levels. 


INTA (INTERRUPT ACKNOWLEDGE) 


-INTA pulses will cause the 82C59A-2 to release vec- | 


toring information onto the data bus. The format of 
this data depends on the system mode (uPM) of the 
82C59A-2. | 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 82C59A-2 to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 
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READ/WRITE CONTROL LOGIC 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats for device operation. This 
function block also allows the status of the 
82C59A-2 to be transferred onto the Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables the 82C59A-2. No 
reading or writing of the chip will occur unless the 
device is selected. 


WR (WRITE) 


A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 82C59A-2. 


RD (READ) 


A LOW on this input enables the 82C59A-2 to send 
the status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. ' 


Ao 


This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 


THE CASCADE BUFFER/COMPARATOR 


This function block stores and compares the IDs of 
all 82C59A-2’s used in the system. The associated 
three 1/O pins (CASO-2) are outputs when the 
82C59A-2 is used as a master and are inputs when 
the 82C59A-2 is used as a slave. As a master, the 
82C59A-2 sends the ID of the interrupting slave de- 
vice onto the CASO-2 lines. The slave thus selected 
will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two con- 
secutive INTA pulses. (See section ‘Cascading the 
82C59A-2”’.) 
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INTERRUPT SEQUENCE 


The powerful features of the 82C59A-2 in a micro- 
computer system are its programmability and the in- 
terrupt routine addressing capability. The latter al- 
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lows direct or indirect jumping to the specific inter- 
rupt routine requested without any polling of the in- 
terrupting devices. The normal sequence of events 
during an interrupt depends on the type of CPU be- 
ing used. 


INT 


| 


CONTROL LOGIC 


ines ae alee. 
ia 


NTERRUP 
REQUEST [*-— 'R3 


CASCADE 
BUF FER/ 
COMPARATOR 


“\ INTERRUPT MASK REG 
(IMR) 


a 


INTERNAL BUS 
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Figure 4. 82C59A-2 Block Diagram 


ADDRESS BUS (16) 


CONTROL BUS 


INTA 


se ae 
Tie 

ee ee 
, Bisye 3 


CS A, Dz-D g RD WR INT INTA 
CAS 1 B2C59A~2 


IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ | 
7 6 4 3 2 1 =90 


DATA BUS (8) 


CASCADE 
LINES 


SP / EN 


INTERRUPT REQUESTS 


SLAVE PROGRESS / 


ENABLE BUFFER 931201-8 


Figure 5. 82C59A-2 Interface to Standard System Bus 
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The events occur as follows in an MCS-80/85 sys- 
tem: : 


1. One or more of the INTERRUPT REQUEST Lines 
(IR7-O) are raised high, setting the corresponding 
IRR bit(s). 


2. The 82C59A-2 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 


3. The CPU acknowledges the INT and responds 
with an INTA pulse. 


4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 82C59A-2 will also re- 
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7-0 pins. 


5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82C59A-2 from the CPU 
group. 

6. These two INTA pulses allow the 82C59A-2 to 
release its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 


7. This completes the 3-byte CALL instruction re- 
leased by the 82C59A-2. In the AEOI mode the 
ISR bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 


The events occurring in an 80C86 system are the 
same until step 4. 


4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 82C59A-2 does not drive 
the Data Bus during this cycle. 


5. The 80C86 will initiate a second INTA pulse. Dur- 
ing this pulse, the 82C59A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 


6. This completes the interrupt cycle. In the AEOI 

~ mode the ISR bit is reset at the end of the second 
INTA pulse. Otherwise, the ISR bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. | 


If no interrupt is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 
82C59A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 7 
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INTERRUPT SEQUENCE OUTPUTS 


MCS®-80, MCS-85 


This sequence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 
Content of First Interrupt 
Vector Byte 
D7 D6 D5 D4 D3 D2 D1 DO 


CALL.CODE | 1 1 O O 1 14 =O 1 | 


During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits As—A7 are pro- 
grammed, while Ag—A, are automatically inserted by 
the 82C59A-2. When Interval = 8 only Ag and A7z 
are programmed, while Ag—As are automatically in- 
serted. 
Content of Second Interrupt 
Vector Byte 


Interval = 4 | 
D7 D6 D5 D4 D3 D2 Di ODO 


During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (Ag — Aj45), is 
enabled onto’the bus. 
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Content of Third Interrupt 
va Byte 
D5 D3 D2 


80C8&6, 80C88 


80C86, 80C88 mode is similar to MCS-80 mode ex- 
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no CALL opcode is 
sent to the processor. The first interrupt acknowl- 
edge cycle is similar to that of MCS-80, 85 systems 
in that the 82C59A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80C86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and As—A 1; are 
unused in 80C86, 80C88 mode): 


Content of Interrupt Vector Byte 
for 80C86, 80C88 System Mode 


ca 
ro 
were fe fatef ete 

Po 
ino fr [te | ts [4 [13 | 0 | 


PROGRAMMING THE 82C59A-2 


The 82C59A-2 accepts two types of command 
words generated by the CPU: 


1. Initialization Command Words (ICWs): Before nor- 
mal operation can begin, each 82C59A-2 in the 
system must be brought to a starting point — by a 
sequence of 2 to 4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are 
the command words which command the 
82C59A-2 to operate in various interrupt modes. 
These modes are: 


a. Fully nested mode 
b. Rotating priority mode 
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c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 82C59A-2 any- 
time after initialization. 


INITIALIZATION COMMAND WORDS 
(ICWS) 


GENERAL 


Whenever a command is issued with AO = 0 and D4 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). ICW1 starts the initialization se- 
quence during which the following automatically oc- 
Cur. 


a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in- 
put must make a low-to-high transition to gener- 
ate an interrupt. 


b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 
d. The slave mode address is set to 7. 


e. Special Mask Mode is cleared and Status Read is 
set to IRR. 


f. If |C4 = 0, then all functions selected in ICW4 are 
set to zero. (Non-Buffered mode*, no Auto-EOl, 
MCS-80, 85 system). 


*NOTE: 
Master/Slave in |CW4 is only used in the buffered 
mode. 


INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 


As—A15: Page starting address of service routines. 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 


The address format is 2 bytes long (Ag—A15). When 
the routine interval is 4, Ag—A,4 are automatically in- 
serted by the 82C59A-2, while As-Aj5 are pro- 
grammed externally. When the routine interval is 8, 
Ao-As are automatically inserted by the 82C59A-2, 
while Ag—Aj5 are programmed externally. 


The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 


In an 80C86, 80C88 system Aj5—Aj 4 are inserted in — 
the five most significant bits of the vectoring 


byte and the 82C59A-2 sets the three least signifi- 
cant bits according to the interrupt level. Ayo—As are 
ignored and ADI (Address Interval) has no effect: . 
LTIM: If LTIM = 1, then the 82C59A-2 will operate 
in the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 


ADI: 


CALL address interval. ADI = 1 then inter- 
val = 4; ADI = 0 then interval = 8. 
SNGL: Single. Means that this is the only 82C59A-2 
in the system. If SNGL = 1 no ICW3 will be 
issued. 
IC4: If this bit is set — ICW4 has to be read. If 


ICW4 is not needed, set IC4 = 0. 


INITIALIZATION COMMAND WORD 3 (ICW3) 


This word is read only when there is more than one 
82C59A-2 in the system and cascading is used, in 
which case SNGL = 0. It will load the 8-bit slave 
register. The functions of this register are: 


a. In the master mode (either when SP = 1, or in 
buffered mode when M/S = 1 in ICW4) a “1” is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS- 
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 80C86, 80C88 
only byte 2) through the cascade lines. 


NO (SINGL = 1) 


NO (IC4 = 0) 
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b. In the slave mode (either when SP = 0, or if BUF 
= 1 and M/S = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 80C86, 
80C88 are released by it on the Data Bus. 


INITIALIZATION COMMAND WORD 4 (ICW4) 
SFNM: If SFNM = 1 the special fully nested mode 
is programmed. — 


lf BUF = 1 the buffered mode is pro- 
grammed. In buffered mode SP/EN be- 
comes an enable output and the master/ 
slave determination is by M/S. 


If buffered mode is selected: M/S = 1 
means the 82C59A-2 is programmed to be a 
master, M/S = 0 means the 82C59A-2 is 
programmed to be a slave. If BUF = 0, M/S 
has no function. — 

lf AEOI = 1 the automatic end of interrupt 
mode is programmed. 

Microprocessor mode: 4PM = 0 sets the 
82C59A-2 for MCS-80, 85 system operation, 
PM = 1 sets the 82C59A-2 for 80C86 sys- 
tem operation. 


BUF: 


M/S: 


AEOI: 


pwPM: 


YES (SNGL - 0) 


iS ICw4 
NEEDED 


YES (IC4 = 1) 


READY TO ACCEPT 
NTERRUPT REQUESTS 


231201~-9 


Figure 6. Initialization Sequence 
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82C59A-2 


Icw1 


Dy 


Ao 


1 =ICW4 NEEDED 
O=NO ICW4 NEEDED 


1 = SINGLE 
0 =CASCADE MODE 


CALL ADDRESS INTERVAL 
1 =INTERVAL OF 4 
=INTERVAL OF 8 


1 =LEVEL TRIGGERED MODE 
O=EDGE TRIGGERED MODE 


Az As OF INTERRUPT 


VECTOR ADDRESS 


iowa (MCS~80 /85 MODE ONLY) 


Al 7 


Ag Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS=80 /85 MODE ONLY) 
Tz —T3 OF INTERRUPT 
VECTOR ADDRESS 
(80C86 / 80C88 MODE) 


1=IR INPUT HAS A SLAVE 
J O=IR INPUT DOES NOT HAVE 
A SLAVE 


ICW4 


Ds Dy 


1 =80C86 /80C88 MODE 
0 =MCS-80 /85 MODE 


1=AUTO EOI 
O=NORMAL EO! 


To 1x] NON-BUFFERED MODE 


r—1 | 0 | BUFFERED MODE / SLAVE 
T+ {| 1 | BUFFERED MODE / MASTER 


1=SPECIAL FULLY NESTED MODE 
O=NOT SPECIAL FULLY NESTED 
MODE 


Slave ID is equal to the corresponding master IR input. 


Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS 
(OCWs) 


After the initialization Command Words (ICWs) are 
programmed into the 82C59A-2, the chip is ready to 
accept interrupt requests at its input lines. However, 
during the 82C59A-2 operation, a selection of algo- 
rithms can command the 82C59A-2 to operate in 
various modes through the Operation Command 
Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocw1 
ae ae ae ae D6 D5 D4 D3 D2 Di 


AO 
[M7 M6 M5 M4 M3 M2 M1 Mo| 


OocW2 


| | R SL EO} 0 0 Ll2 Li LO 


OcW3 


[o] [0 ESMM SMM 0 1 P RAR RIS | 


OPERATION CONTROL WORD 1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7—Mpo represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 


OPERATION CONTROL WORD 2 (OCW2) 


R, SL, EO! — These three bits control the Rotate 

and End of Interrupt modes and combinations of the 

two. A chart of these combinations can be found on 
the Operation Command .Word Format. 


Lo, Lj, Lo—These bits determine the interrupt level 
acted upon when the SL bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 


ESMM — Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a “don’t care’. 


SMM — Special Mask Mode. If ESMM = 1 and 
SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 
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FULLY NESTED MODE 


This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority form O through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEO! (Automatic. End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev- 


_ els will generate an interrupt (which will be acknowl- 


edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft- 
ware). 


After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 


END OF INTERRUPT (EOI) 


The In Service (IS) bit can be reset either automati- 
cally following the trailing edge of the last in se- 
quence INTA pulse (when AEOI bit in |CW4 is set) or 
by a command word that must be issued to the 
82C59A-2 before returning from a service routine 


(EOI command). An EOI command must be issued 


twice if in the Cascade mode, once for the master 
and once for the corresponding slave. 


There are two forms of EOI command: Specific and 
Non-Specific. When the 82C59A-2 is operated in 
modes which preserve the fully nested structure, it 
can determine which IS bit to reset on EOI. When a 
Non-Specific EOl command is issued the 82C59A-2 
will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the high- 
est IS level was necessarily the last level acknowl- 
edged and serviced. A non-specific EOI can be is- 
sued with OCW2 (EO! = 1, SL = 0, R = 0). 


When a mode is used which may disturb the fully 
nested structure, the 82C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EO! = 1, SL = 1, R = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if 
the 82C59A-2 is in the Special Mask Mode. 
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INTERRUPT MASK 
1=MASK SET 
O =MASK RESET 


IR LEVEL TO BE 
ACTED UPON 


NON SPECIFIC EO! COMMAND } eno OF INTERRUPT 


SPECIFIC EO! COMMAND 

ROTATE ON NON=SPECIFIC £0! COMMAND 

ROTATE IN AUTOMATIC EO! MODE (SET) | aroun ROTATION 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 

*ROTATE ON SPECIFIC EOI COMMAND 


*SET PRIORITY COMMAND } speci Retin 


NO OPERATION 
*LO-L2 ARE USED 


OCW3 


Ay DZ Dg De D, Dz Do D, Do 


READ REGISTER COMMAND 


1=POLL COMMAND 


O=NO POLL COMMAND 


SPECIAL MASK MODE 


231201-11 


Figure 8. Operation Command Word Format 


5-77 


intel 


AUTOMATIC END OF INTERRUPT (AEO!) MODE 


lf AEOI = 1 in ICW4, then the 82C59A-2 will operate 
in AEOI mode continuously until reprogrammed by 
ICW4. In this mode the 82C59A-2 will automatically 
perform a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 80C86/88). Note 
that from a system standpoint, this mode should be 
used only when a nested multilevel interrupt struc- 
ture is not required within a single 82C59A. 


The AEO! mode can only be used in a master 
82C59A and not a slave. 


AUTOMATIC ROTATION 


(Equal Priority Devices) 


In some applications there are a number of interrupt- 
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt wiil have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and “in service”’ status is: 


Before Rotate (IR4 the highest priority requiring 
service) 
IS7 IS6 IS5 1S4 1S3 IS2 IS1 ISO 


us’staus [ol1]o|1]o]o]o]o| 
Lowest Highest 
Priority Priority 
Priority Status 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


IS7 IS6 IS5 1S4 IS3 IS2 IS1 ISO 


“1S” Status Fol1fofolo}o}o]o| 


Highest 
Priority 


Lowest 
Priority 


Lod | 
Priority Status 2t1;o]7 6/5] 4| 3 


There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EO! = 1) and the Ro- 
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tate in Automatic EOI Mode which is set by (R 
SL = 0, EO! = 0) and cleared by (R = 0, SL 
EO! = 0). | 


oil 
wands 
& 


SPECIFIC ROTATION 


(Specific Priority) 


The programmer can change priorities by program- 
ming the bottom priority and thus fixing all other pri- 
orities; i.e., if IR5 is programmed as the bottom prior- 
ity device, then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
= 1, SL = 1; LO-L2 is the binary priority level 
code of the bottom priority device. 


Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro- 
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 


INTERRUPT MASKS 


Each Interrupt Request input can be masked individ- 
ually by the Interrupt Mask Register (IMR) pro- 
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 


SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. 


The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 82C59A-2 would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 


That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from a// other levels (lower as well 
as higher) that are not masked.  _ 
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Thus, any interrupts may be selectivity enabled by 
loading the mask register. 


The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = 0. 


POLL COMMAND 


In this mode the INT output is not used or the micro- 
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 


The Poll command is issued by setting P = “1” in 
OCWS3. The 82C59A-2 treats the next RD pulse to 
the 82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate |S bit if there is a 


LTIM BIT 
0 =EDGE 
1 =LEVEL 


READ IRR 


82C59A-2 


WRITE MASK 


PRELIMINARY 


request, and reads the priority level. Interrupt is fro- 
zen from WR to RD. 


The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 = OD2 D1 DO 


W2 W1 WO 


WO-W2: 


Binary code of the highest priority level requesting 
service. 


1: Equal to a ‘‘1” if there is an interrupt. 


This mode is useful if there is a routine command 
common to several levels so that the INTA se- 
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 


TO OTHER PRIORITY CELLS 


PRIORITY 
RESOLVER 


CONTROL 
i/ LOGIC 


INTERNAL 
DATA BUS 


MASTER CLR 
READ ISR 
READ IMR 


231201-12 


1. Master Clear active only during ICW1 
2. Freeze/ is active during INTA/and poll sequences only 


3. Truth Table for D-Latch 


OPERATION 


Cc D Q 
1 Di Di FOLLOW 
0 X Qn-1 


HOLD 


Figure 9. Priority Cell—Simplified Logic Diagram 
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READING THE 82C59A-2 STATUS 


The input status of several internal registers can be 
read to update the user information on the system. 
The following registers can be read via OCW3 (IRR 
and ISR or OCW1 [IMR]). 


Interrupt Request Register (IRA): 8-bit register which 
contains the levels requesting an interrupt to be ac- 
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af- 
_ fected by IMR). 


In-Service Register (ISR): 8-bit register which con- 
tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 


Interrupt Mask Register. 8-bit register which con- 
tains the interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1,RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 1): 


There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 
82C59A-2 “remembers” whether the IRR or ISR has 
been previously selected by the OCWS. This is not 
true when poll is used. | | 


After initialization the 82C59A-2 is set to IRR. 


_ For reading the IMR, no OCWS is needed. The out- 
put data bus will contain the IMR whenever RD is 
active and AO = 1 (OCW1). 


Polling overrides status read when P = 1, RR = 1 
in OCW3S. 


EARLIEST IR 
CAN BE REMOVED 


82C59A-2 
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EDGE AND LEVEL TRIGGERED MODES. 


This mode is programmed using bit 3 in ICW1. 


If LTIM = ‘0’, an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 


If LTIM = ‘1’, an interrupt request will be recognized 
by a ‘high’ level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupt is enabled to prevent a second inter- 
rupt from occurring. 


The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit- 
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 


In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the IR input goes low before this 
time a DEFAULT IR7 will occur when the CPU ac- 
knowledges the interrupt. This can be a useful safe- 
guard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for ‘‘clean up”’ simply 
executing a return instruction, thus ignoring the inter- 
rupt. If IR7 is needed for other purposes a default 
IR7 can still be detected by reading the ISR. A nor- 
mal IR7 interrupt will set the corresponding ISR bit, a 
default IR7 won't. If a default IR7 routine occurs dur- 
ing a normal IR7 routine, however, the ISR will re- 
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en- 
tered. If another IR7 occurs it is a default. 


LATCH’ 
“EDGE TRIGGERED MODE ONLY ARMED 


231201-13 


Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us- 
ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 


a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master’s priority logic and further interrupt re- 
quests from higher priority IR’s within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nestled 


82C59A-2 


mode a slave is masked out when its request is in - 


service and no higher requests from the same 
slave can be serviced.) 


. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EO!) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the mas- 
ter too. If not, no EOI should be sent. 


BUFFERED MODE 


When the 82C59A-2 is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob- 
lem of enabling buffers. 


The buffered mode will structure the 82C59A-2 to 
send an enable signal on SP/EN to enable the buff- 
ers. In this mode, whenever the 82C59A-2’s data 
bus outputs are enabled, the SP/EN output be- 
comes active. 


PRELIMINARY 


This modification forces the use of software pro- 
gramming to determine whether the 82C59A-2 is a 
master or a slave. Bit 3 in ICW4 programs the buff- 
ered mode, and bit 2 in ICW3 determines whether it 
is a master or a slave. 


CASCADE MODE 


The 82C59A-2 can be easily interconnected in a 
system of one master with up to eight slaves to han- 
dle up to 64 priority levels. 


The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt out- 
puts are connected to the masier interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 80C86/80C88). 


The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 82C59A-2 in the system must follow a 
separate initialization sequence and can be pro- 
grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 82C59A-2. 


The cascade lines of the Master 82C59A-2 are acti- 
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 


ADDRESS BUS (16) 


CONTROL BUS 


ae eT ee ee i 


DATA ai - 


salen 


_ INTERRUPT REQUESTS 


00-7 INTA 
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Figure 11. Cascading the 82C59A-2 
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ABSOLUTE MAXIMUM RATINGS* _ *Notice: Stresses above those listed under “Abso- 
| | lute Maximum Ratings” may cause permanent dam- 
Ambient Temperature Under Bias ......0°C to 70°C age to the device. This is a stress rating only and 
Storage Temperature ..........—65°C to + 150°C — functional operation of the device at these or any 
Supply Voltage (w.r.t. ground) ........ —0.5to8.0V — other conditions above those indicated in the opera- 
Operating Supply Voltage (w.r.t. ground) .4.0to7.0V tional sections of this specification is not implied. Ex- 
Input Voltage (w.r.t. ground) ...—2.0toVec + 0.5V posure to absolute maximum rating conditions for 
Output Voltage (w.r.t. ground)..—O.5toVec + 0.5V —aytended periods may affect device reliability. 


Power Dissipation ............. ce eee eens 1 Watt 


NOTICE: Specifications contained within the 
following tables are subject to change. 


D.C. CHARACTERISTICS [Ta = 0°C to 70°C, Voc = 5V +10%] 


Standby Supply Current 


Operating Supply Current ne 


Vin = Voc or GND 
Outputs Unloaded 


. 
Vy) wplioaags Gwent | 
Tug | Outpt Leakage Curent | 


—300 Vin=O © 
eee ee Vin = Voc 


NOTE: Repeated data input with 80C86-2 timings. 


L 
H 


CAPACITANCE (Ta = 25°C; Vcc = GND = OV) 


[Symbol | Parameter [Min 

P Gn | InputCapactance | | 

| Cyo | WOCapacitance | | | 20 
Output Capacitance a as 


| Units — Test Conditions 
Unmeasured pins at GND 
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A.C. CHARACTERISTICS [T, = 0°C to 70°C, Voc = 5V + 10%] 


TIMING REQUIREMENTS 


AO/TS Setup to RD/INTA 
AO/CS Hold after RD/INTA 
AO/TS Hold after WR T 
TW 


Interrupt Request Width (Low) 


82C59A-2 


Test Conditions 


0 


(See Note) 


1 


S 


= 


Cascade Setup to Second or Third 
a INTA J (Slave Only) 
TWHWL End of WR to next WR 19 
*TCHCL End of Command to next Command 
End of INTA sequence to next 
INTA sequence. 
ws, 8085-A2 = 1 ws, 80C86 = 1 ps, 80C86-2 = 625 ns) 
NOTE: 


End of RD to next RD 
TRHRL End of INTA to next INTA within 160 
an INTA sequence only 
(Not same command type) - 
*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6 © 
This is the low time required to clear the input latch in the edge triggered mode. 
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Test Conditions** 


1 
1 


TIMING RESPONSES 


Symbol 


Cascade Valid from First INTA J 


a (Master Only) 


TRLEL Enable Active from RD J or INTA J 
TRHEH Enable Inactive from RD T or INTA T 


| TAHDV Data Valid from Stable Address 
TCVDV Cascade Valid to Valid Data. 


Me 


Parameter 


Data Valid from RD/INTA J 
Data Float after RD/INTA T 
Interrupt Output Delay 


10 


**Test Condition Definition Table 


Te |e 


di 1.7V | 5230 | OPEN | 100pf 
2 4.5V 


1.8kQ | 18k | 30pf 
A.C. TESTING INPUT, OUTPUT A.C. TESTING LOAD CIRCUIT 
WAVEFORM | 


1 
1 


OUTPUT 
VOH 


VOL 
231201-15 


OUTPUT 


FROM 
DEVICE UNDER TEST 


A.C. Testing: All input signals must switch between VIL — 0.45V 
and VIH + 2.4V. Input Rise and Fail Times must be < 15 ns. All 
timing measurements are made at Voy and Vo-. 


231201-16 


*INCLUDES STRAY AND 
JIG CAPACITANCE 


WAVEFORMS 
WRITE 
wh -——— ---——— TWLWH 
DS nas 
- | -— TOVWH - TWHDX 


231201-17 
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WAVEFORMS (Continued) 


READ/INTA 


cs 


Ao 


——_———- TALDV TRHODZ 
— TAHDV —— 


DATA BUS 


231201-18 


OTHER TIMING 


AD 
INTA 
<<——— TRHAL 


231201-19 
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WAVEFORMS (Continued) 


INTA SEQUENCE 


a O;—-,0/-,O 
TCVIAL TCVIAL 


TCVDV 


231201-20 


NOTES: 
Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active. 
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82C84A/82C84A-5 | 
CHMOS CLOCK GENERATOR AND DRIVER 
FOR 80C86, 80C88 PROCESSORS 


Generates the System Clock for the 
80C86, 80C88 Processors: 
82C84A-5 for 5 MHz 
82C84A for 8 MHz 


Pin Compatible with Bipolar 8284A 
Uses a Crystal or an External 


Generates System Reset Output from 
Schmitt Trigger Input 


Capable of Clock Synchronization with 
other 82C84As 


Low Power Consumption 
Single 5V Power Supply 


Frequency Source 


Provides Local READY and MULTIBUS® 
READY Synchronization 


TTL Compatible Inputs/Outputs 
18-Pin Plastic Package 


The Intel 82C84A is a high performance CHMOS clock generator-driver designed to service the requirements 
of the 80C86/88 and 8086/88. The chip contains a crystal controlled oscillator, a divide-by-three counter and 
complete READY synchronization and reset logic. Crystal controlled operation up to 15, 25 MHz utilizes a 
parallel, fundamental mode crystal and two small load capacitors. Power consumption is a fraction of that of 
equivalent bipolar circuits. 


CSYNC(_} 1 181 }Vcc 
PCLK(_] 2 17} J x1 
AENiL_| 3 16 |] x2 
RDY1(_] 4 15 (_] ASYNC 
82C84A 
READY [_] 5 14] J EFI 
RES ee a SS 5 Roy2[]6 13 [J FIC 
Q}-» RESET AEN2 {J} 7 12[_ |osc 


CK 


XTAL 
OSCILLATOR S 
> i | 
ia +3 =2 
bn SYNC ij fl SYNC 


CLK[L]j8 


GND{[]9 10] | RESET 


231 198-2 
82C84A/82C84A-5 Pin Configuration 


PCLK 


Logical 1 Logical 0 
F/C External Crystal 
Clock Drive 


Address 
Enabled 
1 Stage Ready 
Synchronization 


READY 


231198-1 
82C84A/82C84A-5 Block Diagram 


Address 
Disabled 


Synchronization 


82C84A/82C84A-5 
Pin Description 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 

licenses are implied. Information contained herein supersedes previously published specifications on these devices from intel. December 1984 _ 

© Intel Corporation. 1984 Order Number: 231198-001 
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Table 1. Pin Description 


Name and Function 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify 
its repective Bus Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 
while AEN2 validates RDY2. Two AEN signal inputs are useful in system 
configurations which permit the processor to access two Multi-Master _ 
System Busses. In non Multi-Master configurations the AEN signal inputs 
are tied true (LOW). 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which 
is an indication from a device located on the system data bus that data 
has been received, or is available. RDY1 is qualified by AEN1 while 
RDY2 is qualified by AEN2. 


READY SYNCHRONIZATION SELECT: ASYNC is.an input which 
defines the synchronization mode of the READY logic. When ASYNC is 
LOW, two stages of READY synchronization are provided. When ASYNC 
is HIGH a single stage of READY synchronization is provided. (ASYNC 
should never be left open). | 


READY: READY is an active HIGH anal which is the synchronized RDY 
signal input. READY is cleared after the guaranteed hold time to the 
processor has been met. 


CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The 
crystal frequency is 3 times the desired processor clock frequency. (If no 
crystal is attached, then X1 should be tied to Voc or GND and X2 should 

be left open.) 


FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When 
strapped LOW, F/C permits the processor’s clock to be generated by the 
crystal. When F/C is strapped HIGH, CLK is en from the EFI 

input. » 


EXTERNAL FREQUENCY: When F/C is strapped HIGH, CLK is 

generated from the input frequency appearing on this pin. The input 

signal is a square wave 3 times the frequency of the desired CLK output. 
_When F/C is strapped LOW, EFI should be tied HIGH or LOW. 


PROCESSOR CLOCK: CLK is the clock output used by the processor 
and all devices which directly connect to the processor’s local bus (i.e., 
the bipolar support chips and other MOS devices). CLK has an output 
frequency which is 1 of the crystal or EFI input frequency and a 1/3 duty 
cycle. 
PERIPHERAL CLOCK: PCLK is a TTL level peripheral clock signal 
whose output frequency is 2 that of CLK and has a 50% duty cycle. 


_ OSCILLATOR OUTPUT: OSC is the TTL level output of the internal 
oscillator circuitry. Its frequency is equal to that of the crystal. 


RESET IN: RES is an active LOW signal which is used to generate 
RESET. The 82C84A provides a Schmitt trigger input so that an RC 
connection can be ities to establish the power-up reset of proper 
duration. 
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Table 1. Pin Description (Continued) 


Name and Function 


RESET: RESET is an active HIGH signal which is used to reset the 
80C86/88 family processors. Its timing characteristics are 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal 
which allows multiple 82C84A’s to be synchronized to provide clocks 
that are in phase. When CSYNC is HIGH the internal counters are 
reset. When CSYNC goes LOW the internal counters are allowed to 
resume counting. CSYNC needs to be externally synchronized to 
EFI. When using the internal oscillator CSYNC should be hardwired 


os determined by RES. 
CSYNC 
to ground. 
Voc ere 


FUNCTIONAL DESCRIPTION 


Oscillator 


The oscillator circuit of the 82C84A is designed pri- 
marily for use with an external parallel resonant, fun- 
damental mode crystal from which the basic operat- 
ing frequency is derived. 


The crystal frequency should be selected at three 
times the required CPU clock. X1 and X2 are the two 
crystal input crystal connections. For the most sta- 
ble operation of the oscillator (OSC) output circuit, 
two capacitors (C1 = C2) as shown in the waveform 
figures are recommended. The output of the oscilla- 
tor is buffered and brought out on OSC so that other 
system timing signals can be derived from this sta- 
ble, crystal-controlled source. 


Capacitors C1, C2 are chosen such that their com- 
bined capacitance: 


C1°C2 
CT = 


= ————._ (Including stray capacitance 

Siece orang siey Capacrange) 
matches the load capacitance as specified by the 
crystal manufacturer. This insures operation within 
the frequency tolerance specified by the crystal 
manufacturer. 


Clock Generator 


The clock generator consists of a synchronous di- 
vide-by-three counter with a special clear input that 
inhibits the counting. This clear input (CSYNC) al- 
lows the output clock to be synchronized with an 
external event (such as another 82C84A clock). It is 
necessary to synchronize the CSYNC input to the 
EFI clock external to the 82C84A. This is accom- 


GROUND. 
POWER: + 5V supply. 


plished with two Schottky flip-flops. The counter out- 
put is a 33% duty cycle clock at one-third the input 
frequency. 


The F/C input is a strapping pin that selects either 
the crystal oscillator or the EF! input as the clock for 
the +3 counter. If the EFI input is selected as the 
clock source, the oscillator section can be used in- 
dependently for another clock source. Output is tak- 
en from OSC. 


Clock Outputs 


The CLK ouput is a 33% duty cycle MOS clock driv- 
er designed to drive the 80C86/88 processors di- 
rectly. PCLK is a TTL level peripheral clock signal 
whose output frequency is 1% that of CLK. PCLK has 
a 50% duty cycle. 


Reset Logic 


The reset logic provides a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the 
reset timing. The reset signal is synchronized to the 
falling edge of CLK. A simple RC network can be 
used to provide power-on reset by utilizing this func- 
tion of the 82C84A. 


READY Synchronization 


Two READY inputs (RDY1, RDY2) are provided to 
accommodate two Multi-Master system busses. 
Each input has a qualifier (AEN1 and AEN2, respec- 
tively). The AEN signals validate their respective 
RDY signals. If a Multi-Master system is not being 
used the AEN pin should be tied LOW. 


intel 


Synchronization is required for all asynchronous ac- 
tive-going edges of either RDY input to guarantee 
that the RDY setup and hold times are met. Inactive- 
going edges of RDY in normally ready systems do 
not require synchronization but must satisfy RDY 
setup and hold as a matter of proper system design. 


The ASYNC input defines two modes of READY 
synchronization operation. 


When ASYNC is LOW, two stages of synchroniza- 
tion are provided for active READY input signals. 
Positive-going asynchronous READY inputs will first 
be synchronized to flip-flop one at the rising edge of 
CLK and then synchronized to flip-flop two at the 
next falling edge of CLK, after which time the 
READY output will go active (HIGH). Negative-going 
asynchronous READY inputs will be synchronized 


CLOCK 
SYNCHRONIZE 


EFI 


82C84A/82C84A-5 


PRELIMINARY 


_ directly to flip-flop two at the falling edge of CLK, 


after which time the READY output will go inactive. 
This mode of operation is intended for use by asyn- 
chronous (normally not ready) devices in the system 
which cannot be guaranteed by design to meet the re- 
quired RDY setup timing, TRivc_, on each bus cycle. 


When ASYNC is HIGH, the first READY flip-flop is 
bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on 
the falling edge of CLK before they are presented to 
the processor. This mode is available for synchro- 
nous devices that can be guaranteed to meet the 
required RDY setup time. 


ASYNC can be changed on every bus cycle to se- 
lect the appropriate mode of synchronization for 
each device in the system. 


(TO OTHER 82C84As) | 
231198-3 


Figure 3. CSYNC Synchronization 


ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage .................00. —0.5V to 7.0V 
Operating Supply Voltage............. 4.0V to 6.0V 
Input Voltage Applied ........ —0.5V to Voc +0.5V 
Output Voltage Applied ...... —0.5V to Voc +0.5V 
Storage Temperature .......... — 65°C to + 150°C 
Ambient Temp. Under Bias....... ,..0°C to + 70°C 
Power Dissipation .............. 0.0 e ee eees 1 Watt 


*Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings’’ may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


D.C. CHARACTERISTICS (T, = 0°C to + 70°C, porns = 5V +10%) 


Parameter 


Operating Supply Current: 


Input Leakage Current 


Ho 
82C84A-5 
Stand by Supply Current me 


ae Test Conditions 
25 MHz xtal, C_ = 0 
3 15 MHz xtal, CL = 0 

X1 at Voc or GND 
EFl| at Vcc or GND 


OV < Vin <Voc 
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D.C. CHARACTERISTICS (Continued) 


Symbol Test Conditions 


VIL 
VIH 


VIHR 


LK: lo. = 4mA (Note) 
thers: lo, = 2.5 mA (Note) 
CLK: loy = —4mA 

| Others: loy = —2.5 mA 


OO 


=) 
— 
@ 
ne} 
| 
—h, 
<= 
BE 
N 


NOTE: 
All lop = 5 mA for 82C84A-5 


A.C. CHARACTERISTICS (T, = 0°C to + 70°C, Voc = 5V + 10%) 


TIMING REQUIREMENTS 


A 82C84A-5 


Symbol Parameter Test Conditions 


teHEL | External Frequency HIGH Time 
te.e, | EFI Period | 3 
XTAL Frequency | 
tRivcL | RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Inactive Setup to CLK 


RDY1, RDY2 Hold to CLK 
tAYVCL ASYNC Setup to CLK 


tcLAYX SYNG Hold to CLK 


A 
taivraiv | AEN1, AEN2 Setup to RDY1, RDY2 
tctaix | AEN1, AEN2 Hold to CLK 


‘ 
nD 
.? 
© 
E " 


© 
—_— 
oO 


Min 


NO 
oe) 


0%—-90% Vin 
0%-10% Vin 


ns 


am™n~ 1 oh 
Zz 
Oo 
= 
4) 
a, 


ns 


on 


> 
” 
< 
Zz 
O 
I 
== 
G) 
= 


NO of] oo 
Oo}; p | OD | @ | 


| 
G) | G | @ 
or; oy; on 


NM | PM 
oO ;O 


> 
< 
Zz 
| 
pa 
fe) 
= 


tR1VCH 


1¢2) 


tRiVCL 


tCLR1X 


— 
O} 


oO 
oO 


<= 
N 


tyHEH CSYNC Setup to EFI 


heen 
tot | RES Hold to CLK me 2 ae Se (Note 2) 
Input Rise Time | 15 || 20 (Note 1) 
Input Fall Time oe ae: (Note 1) 


5-91 


intel 7 | 82C84A/82C84A-5 PRELIMINARY 


A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


Test Conditions 


—1.0V to 3.5V 


tCLIL 
OSC to CLK HIGH Delay | 
tai eee 


tOLOH Output Rise Time 
(except CLK) From 0.8V to 2.0V 


tOHOL Output Fall Time 
except CLK) From 2.0V to 0.8V 


NOTES: 

1. Transition between Vj, (max) — 0.4V and Viy(min) + 0.4V. 

2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


Vi = 2.25V 


Ri = 7400 FOR ALL OUTPUTS 
EXCEPT C 
DEVICE 4632 FOR CLOCK OUTPUT 
UNDER 
TEST 
231198-4 


A.C. TESTING: ALL INPUT SIGNALS MUST SWITCH BETWEEN 
0.45V AND 2.4V. Traise AND Treat, MUST BE < 15 ns. 
ALL TIMING MEASUREMENTS ARE MADE AT Vo, AND Von. 


231198—5 


C, = 100 pF FOR CLK 
C. = 30 pF FOR READY 
C, INCLUDES PROBE AND JIG CAPACITANCE 
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WAVEFORMS 


CLOCKS AND RESET SIGNALS 


ee BYaTavAtaraY 


we aia = {YHEH 
CSYNC | 
id t —_ t | 
tyHy.— 7 CLItH a HHCL 


RES | 
tou 
RESET O 
231198-—6 


NOTE: 
ALL TIMING MEASUREMENTS ARE MADE AT Vo_ AND Von, UNLESS OTHERWISE NOTED. 


READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


tcLR1x 


tRivCH 


tcLR1X 
taiRiv 


tcLa1x 
taYVCL 


tcLayx 


tAYHCH tRYLCL 


231198~7 
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WAVEFORMS (Continued) 


READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


CLK 
taiveL 
m @@ 
RDOY1,2 
taiRiv tcLA1Xx 
AEN1,2 
ASYNC , . 
tcLayx 
READY ° 
tRYHCH tRYLCL 
231198-—8 
tT Loap | 
(SEE NOTE 1) 
231198-9 


LOAD 
(SEE NOTE 1) 


231198-10 
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LOAD 
(SEE NOTE 1) 
LOAD 
24MHz CJ (SEE NOTE 2) 


PULSE 
GENERATOR OSC 


TRIGGER 


231198-11 


LOAD 
(SEE NOTE 1) 


LOAD 
(SEE NOTE 2) 


231198-12 


Ready to Clock (Using EFI) 


NOTES: 
1.C, = 100 pF 
2.C, = 30 pF 
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82C88 
_ CHMOS BUS CONTROLLER 
FOR 80C86, 80C88 PROCESSORS 


m Pin Compatible with Bipolar 8288 m 3-State Command Output Drivers 
m Low Power Operation _ m High Drive Capability 
—lccs = 10 pA m Configurable for Use with an I/O Bus 


—Icc = 1mA/MHz 


m Provides Advanced Commands for 
Multi-Master Busses .- 


m Single 5V Power Supply 


The Intel 82C88 is a high performance CHMOS version of the 8288 bipolar bus controller. The 82C88 provides 
command and control timing generation for 80C86/88, 8086/88 and iAPX 186 systems. Static CHMOS circuit 
design insures low operating power. 8 MHz speed optimizes system performance and the 82C88 high output 
drive capability eliminates the need for additional bus drivers. 


| $e | _» MRDG 
soces | <— 4 STATUS estes 
STATUS | A DECODER MWTC =e 
2”  AMWC | wuLtiBus © Vec 
iORC. ‘ COMMAND m= 
——_ | SIGNALS 19f | So 
———-» jOWG soe 
AIOWC 
> INTA 17 |) MCE/PDEN 
|_| DEN 


DT/R Pterenaies 
CONTROL ADDRESS LATCH, DATA 14 INTA 
CONTROL | IN 


CONTROL SIGNAL DEN _ TRANSCEIVER, AND an ——— 
INPUT LOGIC GENER. MCE/PDEN {. INTERRUPT CONTROL 131 J jORC 
ATOR | SIGNALS 
—+» ALE 12{_] Aliowc 
117 J iowc 
231199-2 
231199-1 Figure 2. Pin Configuration 


Figure 1. Block Diagram 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. December 1984 
© Intel Corporation, 1984 96 Order Number: 231199-001 
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F 


Table 1. Pin Description 


Type 
POWER: + 5V supply. 


GROUND. 


Symbol 


STATUS INPUT PINS: These pins are the status input pins from the 80C86, 80C88 or 
8089 processors. The 82C88 decodes these inputs to generate command and control 


signals at the appropriate time. When these pins are not in use (passive) they are all 
HIGH. (See chart under Command and Control Logic.) Active “Bus Hold” circuits hold 
these lines HIGH when no other driving source is present. 


CLK CLOCK: This is a clock signal from the 82C84 clock generator and serves to establish 
when command and control signals are generated. 
~ ALE ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address 
latches. This signal is active HIGH and latching occurs on the falling (HIGH to LOW) 
transition. ALE is intended for use with transparent D type latches. 
DEN DATA ENABLE: This signal serves to enable data transceivers onto either the local or 


system data bus. This signal is active HIGH. 

DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through 
the transceivers. A HIGH on this lines indicates Transmit (write to 1/O or memory) and a 
LOW indicates Receive (Read). 

ADDRESS ENABLE: AEN enables command outputs of the 82C88 Bus Controller at 
least 100 ns after it becomes active (LOW). AEN going inactive immediately 3-states the 
command output drivers. AEN does not affect the |/O command lines if the 82C88 is in 
the |/O Bus mode (IOB tied HIGH). 

COMMAND ENABLE: When this signal is LOW all 82C88 command outputs and the 
DEN and PDEN control outputs are forced to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 

INPUT/OUTPUT BUS MODE: When the IOB is strapped HIGH the 82C88 functions in 
the I/O Bus mode. When it is strapped LOW, the 82C88 functions in the System Bus 
mode. (See sections on I/O Bus and System Bus modes). 

ADVANCED I/O WRITE COMMAND: The AIOWC issues an I/O Write Command earlier 
in the machine cycle to give I/O devices an early indication of a write instruction. Its 


| O 
4 
™~ 
DI 


> 
7m 
z 


E : 
m 
za 


> 
= 
= 
O 


timing is the same as a read command signal. AIOWC is active LOW. 
1/0 WRITE COMMAND: This command line instructs an !/O device to read the data on 


the data bus. This signal is active LOW. 


1/0 READ COMMAND: This command line instructs an I/O device to drive its data onto 
the data bus. This signal is active LOW. . 
ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory write 
command earlier in the machine cycle to give memory devices an early indication of a 
write instruction. Its timing is the same as read command signal. AMWC is active LOW. 


MEMORY WRITE COMMAND: This command line instructs the memory to record the 

data present on the data bus. This signal is active LOW. | 
MEMORY READ COMMAND: This command line instructs the memory to drive its data 
onto the data bus. This signal is active LOW. . 
INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its 


interrupt has been acknowledged and that it should drive vectoring information onto the 
data bus. This signal is active LOW. 


= 
= 
— 
@) 


<= 
D 
O 
@) 


3 
aa 
> 


MCE/PDEN This is a dual function pin. 

MCE (IOB IS TIED LOW): Master Cascade Enable occurs during an interrupt sequence 
and serves to read a Cascade Address from a master PIC (Priority Interrupt Controller) . 
onto the data bus. The MCE signal is active HIGH. 

PDEN (IOB IS TIED HiGh): Peripheral Data Enable enables the data bus transceiver for 


the I/O bus that DEN performs for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 


Command and Control Logic 
The command logic decodes the three 80C86, 


. 80C88 or 8089 CPU status lines (Spo, S;, Sa) to de- 
termine what command is to be issued. 


This chart shows the meaning of each status 
“word”. 


S2 51 50 
S20 lt Aowrowecge 
oo 1/0 Port 
pu 1 01|Write I/O Port 
orm 
My 0:20 0 a Access 
1 0 1 {Read [ReadMemory 
11 1 


0 |Write Memory 
Passive 


The command is issued in one of two ways depen- 
dent on the mode of the 82C88 Bus Controller. 


I/O Bus Mode — The 82C88 is in the |/O Bus mode 
if the IOB pin is:strapped HIGH. In the I/O Bus mode 
all 1/O command lines (IORC, IOWC, AIOWC, INTA) 
are always enabled (i.e., not dependent on AEN). 
When an I/O command is initiated by the processor, 
the 82C88 immediately activates the command 
lines, using PDEN and DT/R to control the I/O bus 
transceiver. The I|/O command lines should not be 
~ used to control the system bus in this configuration 
because no arbitration is present. This mode allows 
one 82C88 Bus Controller to handle two external 
busses. No waiting is involved when the CPU wants 
to gain access to the !/O bus. Normal memory ac- 
cess requires a “Bus Ready” signal (AEN LOW) be- 
fore it will proceed. It is advantageous to use the l|OB 
mode if |/O or peripherals dedicated to one proces- 
sor exist in a multi-processor system. 


System Bus Mode — The 82C88 in the System Bus 
mode if the IOB pin is strapped LOW. In this mode 
no command is issued until 115 ns after the AEN 
Line is activated (LOW). This mode assumes bus 
arbitration logic will inform the bus controller (on the 
AEN line) when the bus is free for use. Both memory 
and I/O commands wait for bus arbitration. This 
mode is used when only one bus exists. Here, both 
[I/O and memory are shaied by more than one proc- 
essor. 


82C88 


Processor State |82C88 Command) | 
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COMMAND OUTPUTS 


The advanced write commands are made available 
to initiate write procedures early in the machine cy- 
cle. This signal can be used to prevent the proces- 
sor from entering an unnecessary wait state. 
The command outputs are: 

MRDC — Memory Read Command 

MWTC — Memory Write Command 

1ORC — I/O Read Command 

IOWC —1/O Write Command 

AMWC — Advanced Memory Write Command 

AlIOWC — Advanced |/O Write Command 

INTA — Interrupt Acknowledge 


INTA (Interrupt Acknowledge) acts as an I/O read 
during an interrupt cycle. Its purpose is to inform an 
interrupting device that its interrupt is being acknowl- 
edged and that it should place vectoring information 
onto the data bus. 


CONTROL OUTPUTS 


The control outputs of the 82C88 are Data Enable 
(DEN), Data Transmit/Receive (DT/R) and Master 
Cascade Enable/Peripheral Data Enable (MCE/ 
PDEN). The DEN signal determines when the exter- 
nal bus should be enabled onto the local bus and 
the DT/R determines the direction of data transfer. 
These two signals usually go to the chip select and 
direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two 
modes of the 82C88. When the 82C88 is in the |OB 
mode (IOB HIGH) the PDEN signal serves as a dedi- 
cated data enable signal for the I/O or Peripheral 
System bus. 


INTERRUPT ACKNOWLEDGE AND MCE 


The MCE signal is used during an interrupt acknowl- 
edge cycle if the 82C88 is in the System Bus mode 
(1OB LOW). During any interrupt sequence there are 
two interrupt acknowledge cycles that occur back to 
back. During the first interrupt cycle no data or ad- 
dress transfers take place. Logic should be provided 
to mask off MCE during this cycle. Just before the 
second cycle begins the MCE signal gates a master 
Priority Interrupt Controller’s (PIC) cascade address 
onto the processor’s local bus where ALE (Address 
Latch Enable) strobes it into the address latches. On 
the leading edge of the second interrupt cycle the 
addressed slave PIC gates an interrupt vector onto 
the system data bus where it is read by the proces- 
sor. : 


If the system contains only one PIC, the MCE signal | 
is not used. In this case the second interrupt Ac- 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70°C 
Storage Temperature — 65°C to + 150°C 
Supply Voltage —0.5V to 8.0V 
Operating Supply Voltage 4.0V to 7.0V 


All Input Voltages 
All Output Voltages 
Power Dissipation 


~2.0V to Voc + 0.5V 
—0.5V to Voc + 0.5V 


D.C. CHARACTERISTICS (Vcc = 
| 


Operating Supply Current 


Input High Voltage 
Input Low Voltage 


Input Leakage Current 
(Bus Hold High) 


Output Low Voltage: 
Command Outputs 
Control! Outputs 


Output High Voltage: 
Command Outputs 


Control Outputs 


Input Capacitance 
CoutT Output Capacitance 


NOTES: ss» 

1. Except So, $4, So. 

2. So, S71, Se only. 

3. Raise inputs.to Vcc, then lower to 2.0V. 


82C88 


1.0 Watt 


5V +10%, Tap = 


15 Freq. = 1 MHz 
Unmeasured pins at GND 


PRELIMINARY 


*Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings’ may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


0°C to 70°C) 


Test Conditions 


Vin = Voc or GND 
mA Voc = 5.5V 
Outputs Unloaded 
Vin = Vec or GND 
Voc = 5.5V 
Outputs Unloaded 


OV < Vin < Voc 
(Note 1) 
Vin = 2.0V 
(Notes 2, 3) 


(Notes 2, 4) 


+10 OV < Vout < Vcc 


Freq. = 1 MHz 
Unmeasured pins at GND 


4. An external driver must sink at least IgHHo to toggle a status line from HIGH to LOW. 


knowledge signal gates the interrupt vector onto the 
processor bus. 


ADDRESS LATCH ENABLE AND HALT 


Address Latch Enable (ALE) occurs during each ma- 
chine cycle and serves to strobe the current address 
into the address latches. ALE also serves to strobe 


the status (So, S41, Sa) into a latch for halt state de- 
coding. | 
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COMMAND ENABLE 


The Command Enable (CEN) input acts as a com- 
mand qualifier for the 82C88. If the CEN pin is high 
the 82C88 functions normally. If the CEN pin is 
pulled LOW, all command lines are held in their inac- 
tive state (not 3-state). This feature can be used to 
implement memory partitioning and to eliminate ad- 
dress conflicts between system bus devices and 
resident bus devices. 


intel soces «PRELIMINARY 


A.C. CHARACTERISTICS (Vcc = 5V £10%, Ta = 0°C to 70°C)* 


TIMING REQUIREMENTS 


[_Paraneter [ain 
: 
: 


Test Conditions 


Symbol 


TIMING RESPONSES 


Symbol 
TCVNV Control Active Delay 


TCVNX_ | Control Inactive Delay 
TCLLH ALE Active Delay (from CLK) 


TMHNL | Command Inactive to DEN Low Delay | TCLCH-5 


TCLSH 


| Max | Units 
8 | MH 
ae aoe 
a ee 
a ae 
pf ts 
en ee 
ae ae 
a 


Test Conditions** 


ax 


an |S 
an 


5 
10 


& 
or 


>) 


18 


G | PM | M 1] PM 
oO; oO} Oo 


Command: a, DEN: e 


NO 


a os NO 
oa} on} Oo 
oO;1o 


TLHLL ALE High Time 


NOTES: 
1. TAELCH measurement is between 1.5V and 2.5V. 
2. TAEHCZ measured at 0.5V change in Vout. 


Frown | Gommandinactve Geigy «ds | 
FroHOTL | Grecton GonvolAcive Delay | ‘| so 
FTcHOTH | Brest ontolinactve Delay || 0 
[raeton | commandénabietime |i a cNote 1) 
rraeHGz [Command DisableTime ia dot 2 
PTAE VN ae 

——) 


TCLML + 1 
TCLCL —1 


From 0.8V to 2.0V 
From 2.0V to 0.8V 
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TEST LOAD CIRCUITS—3-STATE COMMAND OUTPUT TEST LOAD 


**Test Condition Definition Table 


Test I 
Condition OL 


OUTPUT FROM 


DEVICE 
UNDER TEST 


rT 
231199~3 


*Includes stray and jig capacitance 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


aePy 231199-4 


A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V for a logic ‘0’. The clock is driven at 3.9V and 0.4V. 
Timing measurements are made at Voy and Vo;. Input rise and fall times should be < 15 ns measured between 0.8V | 
and 2.0V. 
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WAVEFORMS 


STATE ~+———Te v4 T2 - Tg -- 
— TCLCL — 


V4 


TCLCH ; 
CLK y y 
§, 33, S \ 4 
ADOR . WRITE 


MAROC, IORC, INTA 


AMWC, ATOWC 
MWC, (OWE 


- (READ) 
DEN NTA) 


(READ) 
POEN (INTA) 


DEN (WRITE) 


TCVNX 


PBEN (WRITE) 


TCHOTH—> 


DT/R (READ) 


(NTA) KS 
; TCHOTL 


MCE f | fo TCHOTH 
| (| ; | 


~ TCVNX 
TCLMCH—> TSVMCH 


231199-5 
NOTES: | | 
1. Address/Data Bus is shown only for reference purposes. 


2. Leading edge of ALE and MCE is determined by the falling edge of CLK or Status going active, whichever occurs last. 
3. All timing measurements are made at 1.5V unless specified otherwise. 
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WAVEFORMS (Continued) 


DEN, PDEN QUALIFICATION TIMING 


TCEVNV 


231199-6 


ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 


~TAELCV 
1.5V 1.5V 


TAELCH TAEHCZ 
_—_————e 


OUTPUT 
COMMAND 


+TCELRH} 


TCELRH 
231199-7 


NOTE: 
CEN must be low or valid prior to T2 to prevent the command from being generated. 


5-103 


ae 


Peripherals 


intel’ ADVANCE INFORMATION 


82C08 
CHMOS DYNAMIC RAM CONTROLLER 


= O Wait State, 8 MHz iAPX 286, = Directly Addresses and Drives up to 
iAPX 186/188, and iAPX 86/88 1 Megabyte without External Drivers 

™ Provides all Signals necessary to ™@ Power Down Mode with Programmabie 
Control 64K (51064) and 256K (51C256) = Memory Refresh 
Dynamic RAMs ™ Microprocessor Data Transfer and 

= Pin-Compatible with 8208 Advance Acknowledge Signals 

= Automatic RAM Warm-up = Four Programmable Refresh Modes 


The Intel 82C08 Dynamic RAM Controller is a CMOS, high performance, systems oriented, Dynamic RAM 
controlier that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other micro- 
processors. The 82C08 also has a power down mode where only the refresh logic is activated. 


ARBITER fag 
RT 


| OUTPUT AL1 


CYCLE 
TIMI 


NG 
CONTROL 
RFRQ NTER 7 zi 
RATION 


; 1 
2 
3 
4 
5 
6 
7 
8 
9 


CONFIGURATION BUS 


ie 
A05 
ee A06 


ge ee ADDRESS PATH CONTROL A07 
cc 
Lacan pd A08 
a — PDD 
REFRESH | FE 
ADDRESS ae AOR Sy | COLUMN me RAS1 
ADDRESS 
LATCH ; RASO 
— Sao. CAS 
Bho | se) ROW ADDRESS CASO 
/ PDCLK 
ane ADDRESS 
08 


LATCH RESET 
Vcc/VPpp 


Figure 1. Block Diagram and Pinout Diagram 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel 
Product. No Other Circuit Patent Licenses are Implied. Information Contained Herein Supersedes Previously Published 
Specifications On These Devices From Intel. 


©INTEL CORPORATION, 1983 3 sane November, 1984 
ER NUMBER: 231357-001 
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Table 1. Pin Description 


Symbol | Pin | Typel | Name and Function 


ADDRESS LOW: These lower order address inputs are used to generate the row 
address for the internal address multiplexer. In iAPX 286 mode (CFS =-1), these 
addresses are latched internally. 


ADDRESS HIGH: These higher order address inputs are used to generate the column 
address for the internal address multiplexer. In iAPX 286 mode, these addresses are 
latched internally. 


BANK SELECT: This input is used to select one of the two banks of the dynamic RAM 
array as defined by the program-bit RB. 


ADDRESS OUTPUTS: These outputs are designed to provide the row and column 
addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These 
outputs drive the dynamic RAM array directly and need no external drivers. However, 
they typically need series resistors to match impedances. 


ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
the row address, present on the AOO-8 pins. These outputs are selected by the BS pin 
as programmed by program-bit RB. These outputs drive the dynamic RAM array 
directly and need no external drivers. 


COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 
latch the column address, present on the AOO-8 pins. These outputs are selected by 
the BS pin as programmed by program-bit RB. These outputs drive the dynamic RAM 

array directly and need no external drivers. 


Nh PO Ber ee « 
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RESET: This active high signal causes all internal counters to be reset. Upon release of 
RESET, data appearing at the PD! pin is clocked-in by the PCLK output. The states of 
the PDI, PCTL and RFRQ pins are sampled by RESET going inactive and are used to 
program the 82C08. An 8-cycle dynamic RAM warm-up is performed after clocking 
PDI bits into the 82C08. Activation of RESET will terminate the power down mode. 


WRITE ENABLE/PROGRAMMING CLOCK: Immediately after a RESET this pin 
becomes PCLK and is used to clock serial programming data into the PDI pin. After the 
82C08 is programmed this active high signal provides the dynamic RAM array the 
write enable input for a write operation. , 


ADVANCE ACKNOWLEDGE/TRANSFER ACKNOWLEDGE: When the X program- 
ming bit is set to logic 0-this pin is AACK and indicates that the processor may continue 
processing and that data will be available when required. This signal is optimized for 
the system by programming the S program-bit for synchronous or asynchronous 
operation. The S programming bit determines whether this strobe will be early or late. 
If another dynamic RAM cycle is in progress at the time of the new request, the AACK 
is delayed. When the X programming bit is set to logic 1 this pin is XACK and indicates 
that data on the bus is valid during a read cycle or that data may be removed from the 
bus during a write cycle. XACK is a MULTIBUS compatible signal. 
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Table 1. Pin Description (continued) 
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Name and Function 


PORT CONTROL: This pin is sampled on the falling edge of RESET. It configures the 
8208 to accept command inputs or processor status inputs. If PCTL is low after RESET 
the 8208 is programmed to accept bus/multibus command inputs or iAPX 286 status 
inputs. If PCTL is high after RESET the 8208 is programmed to accept status inputs from 
iAPX 86 or iAPX 186 type processors. The S2 status line should be connected to this 
input if programmed to accept iAPX 86 or iAPX 186 status inputs. When programmed to 
accept bus commands or iAPX 286 status inputs, it should be tied low or it may be 
connected to INHIBIT when operating with MULTIBUS. 


PCTL 27 


PORT ENABLE: This pinserves to enable a RAM cycle request. It is generally decoded 
from the address bus. 


WRITE: This pin is the write memory request command input. This input also directly 
accepts the SO status line from Intel processors. 


READ: This pin is the read memory request command input. This input also directly 
accepts the S1 status line from Intel processors. | 


2) 
— 
A 


in oH 


ee) ine) ie) 
(oe) Ww io) <e) fee) 


ie) 
arg 


CLOCK: This input provides the basic timing for sequencing the internal logic. 


REFRESH REQUEST: This input is sampled on the falling edge of RESET. If RFRQ is 
high at RESET then the 82C08 is programmed for internal-refresh request or external- 
refresh request with failsafe protection. If RFRQ is low at RESET then the 82C08 is 
programmed for external-refresh without failsafe protection or burst-refresh. Once 
programmed the RFRQ pin accepts signals. to start an external-refresh with failsafe 
protection or external-refresh without failsafe protection or a burst-refresh. 


PROGRAM DATA INPUT: This input is sampled by RESET going low. It programs the 
various user Selectable options in the 82C08. The PCLK pin shifts programming data 
into the PDI input from an external shift register. This pin may be strapped low to a 
default iAPX 186 mode configuration or high to a default iAPX 286 mode configuration. 


POWER DOWN DETECT: This input is sampled before every memory cycle to inform 
the 82C08 of system detection of power failure. When active, the 82C08 remains in 
power down mode and performs memory refresh only (RAS-only refresh). In power 
down mode the 82C08 uses PDCLK for timing and VPD for power. 


POWER DOWN CLOCK: This pin is used as a clock for internal refresh circuits during 
power down. The input can be asynchronous to pin 31. Extended refresh is achieved 
| by slowing down this clock. This pin should be grounded if not used. 


RFRQ 32 


PDI 


*PDD 


—h 
os 


*PDCLK 22 


POWER: During power down mode this is the only active power pin. 
POWER: +5SV. Not active during power down. 


GROUND 
GROUND 


*Different function than the HMOS 8208. 


pin 22, allows the designer to take advantage of 
RAMs like Intel’s 51C64L and 51C256L that permit 
extended memory refresh. 


GENERAL DESCRIPTION: 8208 vs. 82C08 


The Intel 82C08 Dynamic RAM Controller is a micro- 
computer peripheral device which provides the 


necessary signals to address, refresh and directly The 82C08 also has some timing changes versus the 


drive 64K and 256K dynamic RAMs. 


The 8208 supports several microprocessor interface 
options including synchronous and asynchronous 
operations for iAPX 86, iAPX 186, iAPX 286 and 
MULTIBUS. The 82C08 will also interface to non- 
Intel microprocessors. 


The 82C08 is a CHMOS version of the 8208 and is 
pin compatible with it. Three pins— 17, 22, and 24— 
of the 82C08 are different from the 8208. They 
provide a power down mode that allows the system 
to run at much lower ICC. A separate refresh clock, 


8208. In order to eliminate the external bus latches, 


both WE and CAS timings are shortened. These 


timing changes are backwards-compatible for 8208 
designs. 


FUNCTIONAL DESCRIPTION 


Processor Interface 


The 82C08 has control circuitry capable of sup- 
porting one of several possible bus structures. The 
82C08 may be programmed to run synchronous or 
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asynchronous to the processor clock. The 82C08 
has been optimized to run synchronously with 
Intel’s iAPX 86, iAPX 88, iAPX 186/188 and iAPX 286. 
When the 82C08 is programmed to run in asynchro- 
nous mode, the 82C08 inserts the necessary syn- 


chronization circuitry for the RD, WR, PE, and PCTL 
inputs. 


The 82C08 achieves high performance (i.e. no wait | 


states) by decoding the status lines directly from the 
processor. The 82C08 can also be programmed to 
receive read or write MULTIBUS commands or 
commands from a bus controller. 


| 8086/ 


80186 


| ADDR/DATA 


ADDRESS 
DECODE 


Slow-Cycle Synchronous-Status Interface 


CLK 


8086/ >) 


80186 


ADDR/DATA 


ADDRESS 
DECODE 


Slow-Cycle Synchronous-Command Interface 


The 82C08 may be programmed to accept the clock 
of the processor. The 82C08 adjusts its internal 
timing to allow for different clock frequencies of 
these microprocessors. (See Microprocessor Clock 
Frequency Option.) 


Figure 2 shows the different processor interfaces to 
the 82C08 using the synchronous or asynchronous 
mode and status or command interface. Figure 3 
shows detailed interfaces to the iAPX 186 and 
iAPX 286 processors. 


| CLOCK | 


PR 


74alS74 


CLK 
£10) 
8066) 
30136 81 
$2 


ADDR /DATA 


———— | aopvesst | 
[Po DECODE 


DECODE 


Slow-Cycle Asynchronous-Command Interface 


Figure 2A. Slow-cycle (CFS=0) Port Interfaces Supported by the 82C08 
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ADDRESS 
DECODE DECODE 


“MULTIBUS OPTION 


Fast-Cycle Synchronous-Command Interface Fast-Cycle Asynchronous-Command Interface 


Figure 2B. Fast-cycle (CFS=1) Port Interfaces Supported by the 82C08 
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Figure 3A. 82C08 Interface to an 80186 
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SYSTEM 
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Figure 3B. 82C08 Interface to an 80286 
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82C54 
CHMOS PROGRAMMABLE INTERVAL TIMER 


= Compatibie with all Intel and most m@ Low Power CHMOS 

other microprocessors —Icc = 10 mA @ 8 MHz Count 
m High Speed, “Zero Wait State” frequency 

Operation with 8 MHz 8086/88 and Completely TTL Compatible 


80186/188 
m@ Three independent 16-bit counters 


m@ Handles Inputs from DC to 8 MHz 
— 10 MHz for 82C54-2 


The Intel 82C54 is a high-performance, CHMOS version of the industry standard 8254 counter/timer which is 
designed to solve the timing control problems common in microcomputer system design. It provides three 
independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All modes are software 
programmable. The 82C54 is pin compatible with the HMOS 8254, and is a superset of the 8253. 


a 
m Six Programmable Counter Modes 
mw Binary or BCD counting 

m Status Read Back Command 


Six programmable timer modes allow the 82C54 to be used as an event counter, elapsed time indicator, 
programmabie one-shot, and in many other applications. 


The 82C54 is fabricated on Intel’s advanced CHMOS III technology which provides low power consumption 
with performance equal to or greater than the equivalent HMOS product. The 82C54 is available in 24-pin DIP 
and 28-pin plastic leaded chip carrier (PLCC) packages. 
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Figure 1.82C54 Block Diagram 


231244-2 
Diagrams are for pin reference only. 
Package sizes are not to scale. 


Figure 2. 82C54 Pinout 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an intel product. No other circuit patent 
licenses are implied. Information contained herein peer previously published specifications on these devices from Intel. November 1984 
© Intel Corporation, 1984 Order Number: 231244-001 
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Table 1. Pin Description 


Pin Number T 
| PLCC 


: 


] Data: Bidirectional tri-state data bus lines, | 


connected to system data bus. 
Clock 0: Clock input of Counter 0. 
Output 0: Output of Counter 0. 


Gate 0: Gate input of Counter 0. 
| Ground: Power supply connection. | 
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Out 1: Output of Counter 1 
Gate 1: Gate input of Counter 1 


: 
> 
— 
m 
—b 
» 
ah 
; 


Clock 1: Clock input of Counter 1. 
Gate 2: Gate input of Counter 2. 
Out 2: Output of Counter 2. 

Clock 2: Clock input of Counter 2. 
Address: Used to select one of the three Counters 


or the Control Word Register for read or write 
operations. Normally connected to the system 


Counter 0 

Counter 1 

Counter 2 

| Control Word Register 
Chip Select: A low on this input enables the 82C54 
to respond to RD and WR signals. RD and WR are 
ignored otherwise. 


2 
Read Control: This input is low during CPU read 
operations. | 


1 oul 
1 eta! 
1 esi 
1 Co! 
1 | Oo 
feelin 
fei 
2 omc 
eles 
Ai, Ao 20-19 23-22 
: 
dl al 
WR 2 Write Control: This input is low during CPU write 
operations. | 
2 


ai Power: + 5V power supply connection. 
|| NoConnect 


FUNCTIONAL DESCRIPTION - sired delay. After the desired delay, the 82C54 will 


interrupt the CPU. Software overhead is minimal and 
variable length delays can easily be accommodated. 
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1,11, 15, 25 


General Some of the other counter/timer functions common 
The 82C54 is a programmable interval timer/counter to microcomputers which can be implemented with 
designed for use with Intel microcomputer systems. the 82C54 are: 

It is a general purpose, multi-timing element that can 
be treated as an array of I/O ports in the system 
software. 


Real time clock 

Even counter 

Digital one-shot 
Programmable rate generator 
Square wave generator 
Binary rate multiplier 
Complex waveform generator 
Complex motor controller 


The 82C54 solves one of the most common prob- 
lems in any microcomputer system, the generation 
of accurate time delays under software control. In- 
stead of setting up timing loops in software, the pro- 
grammer configures the 82C54 to match his require- 
ments and programs one of the counters for the de- 
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Block Diagram 


DATA BUS BUFFER 


This 3-state, bi-directional, 8-bit buffer is used to in- 
terface the 82C54 to the system bus (see Figure 3). 


CONTROL 


woRD 
REGISTER 


231244-4 


Figure 3. Block Diagram Showing Data Bus 
Buffer and Read/Write Logic Functions 


READ/WRITE LOGIC 


The Read/Write Logic accepts inputs from the sys- 
tem bus and generates control signals for the other 
functional blocks of the 82C54. A; and Ag select 
one of the three counters or the Control Word Regis- 
ter to be read from/written into. A “low” on the RD 
input tells the 82C54 that the CPU is reading one of 
the counters. A “low” on the WR input tells the 
82C54 that the CPU is writing either a Control Word 
or an initial count. Both RD and WR are qualified by 
CS; RD and WR are ignored unless the 82C54 has 
been selected by holding CS low. 
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CONTROL WORD REGISTER 


The Control Word Register (sée Figure 4) is selected 
by the Read/Write Logic when Aj, Ag = 11. If the 
CPU then does a write operation to the 82C54, the 
data is stored in the Control Word Register and is 
interpreted as a Control Word used to define the 
operation of the Counters. 


The Control Word Register can only be written to; 
status information is available with the Read-Back 
Command. 
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Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 


COUNTER 0, COUNTER 1, COUNTER 2 


These three functional blocks are identical in opera- 
tion, So only a single Counter will be described. The 
internal block diagram of a single counter is shown 
in Figure 5. 


The Counters are fully independent. Each Counter 
may operate in a different Mode. 


The Control Word Register is shown in the figure; it 


is not part of the Counter itself, but its contents de- 
termine how the Counter operates. 
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Figure 5. Internal Block Diagram of a Counter 


The status register, shown in the Figure, when 
latched, contains the current contents of the Control 
Word Register and status of the output and null 
count flag. (See detailed explanation of the Read- 
Back command.) 


The actual counter is labelled CE (for “Counting Ele- 
ment’). It is a 16-bit presettable synchronous down 
counter. 


OLy and OL, are two 8-bit latches. OL stands for 
“Output Latch”; the subscripts M and L stand for 
“Most significant byte” and “Least significant byte”’ 
respectively. Both are normally referred to as one 
unit and called just OL. These latches normally “‘fol- 
low” the CE, but if a suitable Counter Latch Com- 
mand is sent to the 82C54, the latches “latch” the 
present count until read by the CPU and then return 
to “following” the CE. One latch at a time is enabled 
by the counter’s Control Logic to drive the internal 
bus. This is how the 16-bit Counter communicates 
over the 8-bit internal bus. Note that the CE itself 
cannot be read; whenever you read the count, it is 
the OL that is being read. 


Similarly, there are two 8-bit registers called CRiy 
and CR, (for “Count Register’). Both are normally 
referred to as one unit and called just CR. When a 
new count is written to the Counter, the count is 
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stored in the CR and later transferred to the CE. The 


_ Control Logic allows one register at a time to be 


loaded from the internal bus. Both bytes are trans- 
ferred to the CE simultaneously. CRyy and CR, are 
cleared when the Counter is programmed. In this. 
way, if the Counter has been programmed for one 
byte counts (either most significant byte only or least 
significant byte only) the other byte will be zero. 
Note that the CE cannot be written into; whenever a 
count is written, it is written into the CR. 


The Contro! Logic is also shown in the diagram. CLK 
n, GATE n, and OUT n are all connected to the out- 
side world through the Control Logic. 


82C54 SYSTEM INTERFACE 


The 82C54 is treated by the systems software as an 
array of peripheral I/O ports; three are counters and 
the fourth is a control register for MODE program- 
ming. 


Basically, the select inputs Ap, A; connect to the Ag, 
A; address bus signals of the CPU. The CS can be 
derived directly from the address bus using a linear 
select method. Or it can be connected to the output 
of a decoder, such as an Intel 8205 for larger sys- 
tems. 


ADORESS BUS (16) f 
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DATA BUS (8) 
Ay Ao CS Do-Dy 
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Figure 6. 82C54 System Interface 
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OPERATIONAL DESCRIPTION 


General 


After power-up, the state of the 82C54 is undefined. 
The Mode, count value, and output of all Counters 
are undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be 
programmed. 


Control Word Format 


Ay,A9 = 11 CS=0 RD=1 WR=0 


Dz De Ds D4 
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Programming the 82C54 


Counters are programmed by writing a Control Word 
and then an initial count. The control word format is 
shown in Figure 7. 


All Control Words are written into the Control Word 
Register, which is selected when Aj, Ag = 11. The 
Control Word itself specifies which Counter is being 
programmed. 


By contrast, initial counts are written into the Coun- 
ters, not the Control Word Register. The Aj, Ag in- 
puts are used to select the Counter to be written 
into. The format of the initial count is determined by 
the Control Word used. 


D3 Do Dz Dg 


sco | Aw: [rwo[ we [wi [ wo 


SC — Select Counter: 


Select Counter 0 


Select Counter 1 
Select Counter 2 


Read-Back Command 
(See Read Operations) 


RW — Read/Write: 
RW1 RWO 


Counter Latch Command (see Read 
Operations) 


Read/Write least significant byte first, 
{then most significant byte. 


NOTE: Don’t care bits (X) should be 0 to insure 
compatibility with future Intel products. 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 


Figure 7. Control Word Format 
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Write Operations 


The programming procedure for the 82C54 is very 
flexible. Only two conventions need to be remem- 
bered: 


1) For each Counter, the Control Word must be 
written before the initial count is written. 


2) The initial count must follow the count format 
specified in the Control Word (least significant 
byte only, most significant byte only, or least sig- 
nificant byte and then most significant byte). 


Since the Control Word Register and the three 
Counters have separate addresses (selected by the 
A;, Ao inputs), and each Control Word specifies the 
Counter it applies to (SCO, SC1 bits), no special in- 


> 


Control Word — Counter 0 
LSB of count— Counter 0 
MSB of count — Counter 0 
Control Word — Counter 1 
LSB of count— Counter 1 
MSB of count — Counter 1 
Control Word — Counter 2 
LSB of count— Counter 2 
MSB of count — Counter 2 


OOn24423200-P 
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Ay Ao 
Control Word -— Counter 0 1 1 
. Counter Word — Counter 1 1 1 
Control Word — Counter 2 1 1 
LSB of count— Counter 2 1 0 
LSB of count— Counter 1 0 : 
LSB of count— Counter 0 0 0 
MSB of count — Counter 0 0 0 
MSB of count — Counter 1 0 1 
MSB of count — Counter 2 1 0 


NOTE: | 


In all four examples, all counters are programmed to read/write two-byte counts. 
These are only four of many possible programming sequences. 


struction sequence is required. Any programming 
sequence that follows the conventions above is ac- 
ceptable. 


A new initial count may be written to a Counter at 
any time without affecting the Counter’s pro- 
grammed Mode in any way. Counting will be affected 
as described in the Mode definitions. The new count 
must follow the programmed count format. 3 


If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. 


A; Ao 

Control Word — Counter 2 1 1 
Control Word— Counter 1 1. 1 
Control Word — Counter 0 1 1 
LSB of count— Counter 2 1 0 
MSB of count — Counter 2 1 0 
LSB of count— Counter 1 0 1 
MSB of count— Counter 1 0 1 
LSB of count— Counter 0 0 0 

0 0 


MSB of count — Counter 0 


Ay Ao 

Control Word — Counter 1 1 1 
Control Word — Counter 0 1 1 
LSB of count— Counter 1 0 1 
Control Word — Counter 2 1 1 
LSB of count— Counter 0 0 0 
MSB of count— Counter 1 0 1 
LSB of count— Counter 2 1 0 
MSB of count — Counter 0 0 0 

1 0 


MSB of count— Counter 2 


Figure 8. A Few Possible Programming Sequences 


Read Operations 


It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easi- 
ly done in the 82C54. 


There are three possible methods for reading the 
counters: a simple read operation, the Counter 


Latch Command, and the Read-Back Command. 
Each is explained below. The first method is to per- 
form a simple read operation. To read the Counter, 
which is selected with the A1, AO inputs, the CLK © 
input of the selected Counter must be inhibited by 


‘using either the GATE input or external logic. Other- 


wise, the count may be in the process of changing 
when it is read, giving an undefined result. 
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COUNTER LATCH COMMAND 


The second method uses the ‘Counter Latch Com- 
mand’’. Like a Control Word, this command is written 
to the Control Word Register, which is selected 
when Ay, Apo = 11. Also like a Control Word, the 
SCO, SC1 bits select one of the three Counters, but 
two other bits, D5 and D4, distinguish this command 
from a Control Word. 


A, Ag= 11; CS=0; RD= 1; WR=0 


D7 Ds Dg D3 D2 Dy Do 
recs [eco] oT o[x[x[x x 
SC1, SCO - specify counter to be latched 


SC1 Sco Counter 


Read-Back Command 


D5,D4 - 00 designates Counter Latch Command 


X - don’t care 


NOTE: 
Don’t care bits (X) should be 0 to insure compatibility 
with future Intel products. 


Figure 9. Counter Latching Command Format 


The selected Counter’s output latch (OL) latches the 
count at the time the Counter Latch Command is 
received. This count is held in the latch until it is read 
by the CPU (or until the Counter is reprogrammed). 
The count is then unlatched automatically and the 
OL returns to “following” the counting element (CE). 
This allows reading the contents of the Counters 
“on the fly” without affecting counting in progress. 
Multiple Counter Latch Commands may be used to 
latch more than. one Counter. Each latched Coun- 
ter’s OL holds its count until it is read. Counter Latch 
Commands do not affect the programmed Mode of 
the Counter in any way. 


lf a Counter is latched and then, some time later, 
latched again before the count is read, the second 
Counter Latch Command is ignored. The count read 
will be the count at the time the first Counter Latch 
Command was issued. . 


With either method, the count must be read accord- 
ing to the programmed format; specifically, if the 
Counter is programmed for two byte counts, two 
bytes must be read. The two bytes do not have to be 
read one right after the other; read or write or pro- 
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gramming operations of other Counters may be in- 
serted between them. 


Another feature of the 82C54 is that reads and 
writes of the same Counter may be interleaved; for 
example, if the Counter is programmed for two byte 
counts, the following sequence is valid. 


1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 


If a Counter is programmed to read/write two-byte 
counts, the following precaution applies; A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same Counter. Otherwise, an incorrect 
count will be read. 


READ-BACK COMMAND 


The third method uses the Read-Back command. 
This command allows the user to check the count 
value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected coun- 
ter(s). 


The command is written into the Control Word Reg- 
ister and has the format shown in Figure 10. The 
command applies to the counters selected by set- 
ting their corresponding bits D3,D2,D1 = 1. 


AO,A1= 11 CS=0 RD=1 


D7 Dg D3 


cL COUNT | STATUS raves en a[or [enrol o 


Ds: 0 
D4: 0 


Latch count of selected counter(s) 
Latch status of selected counter(s) 
Dz: 1 Select counter 2 

Do: 1 = Select counter 1 

Dy: 1 = Select counter 0 

Do: Reserved for future expansion; must be 0 


Ho a Wl 


Figure 10. Read-Back Command Format 


The read-back command may be used to latch multi- 
ple counter output latches (OL) by setting the 
COUNT bit D5=0 and selecting the desired coun- 
ter(s). This single command is functionally equiva- 
lent to several counter latch commands, one for 
each counter latched. Each counter’s latched count 
is held until it is read (or the counter is repro- 
grammed). That counter is automatically unlatched 
when read, but other counters remain latched until 
they are read. If multiple count read-back commands 
are issued to the same counter without reading the 
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count, all but the first are ignored; i.e., the count . 


which will be read is the count at the time the first 
read-back command was issued. 


The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS bit D4=0. Status must be latched to be 
read; status of a counter is accessed by a read from 
that counter. 


The counter status format is shown in Figure 11. Bits 
D5 through DO contain the counter’s programmed 
Mode exactly as written in the last Mode Control 
Word. OUTPUT bit D7 contains the current state of 
the OUT pin. This allows the user to monitor the 
counter’s output via software, possibly eliminating 
some hardware from a system. 


D4 Dg D2 Di Do 


De Ds 
NULL 
ar see 


Out Pin is 1 
Out Pin is 0 
Dg 1 = Null count 
0 = Count available for reading 
Ds-Dp Counter Programmed Mode (See Figure 7) 


Figure 11. Status Byte 


NULL COUNT bit D6 indicates when the last count 
written to the counter register (CR) has been loaded 
into the counting element (CE). The exact time this 
happens depends on the Mode of the counter and is 
described in the Mode Definitions, but until the count 
is loaded into the counting element (CE), it can’t be 
read from the counter. If the count is latched or read 
before this time, the count value will not reflect the 
new count just written. The operation of Null Count 
is shown in Figure 12. 


Command 
D7 Dg Ds Dg D3 Do D; Do 


Read back count and status of 


ee 0 


Description 


THIS ACTION: 

A. Write to the control 
word register:[1] 

B. Write to the count 
register (CR); [2] 

C. New count is loaded 
into CE (CR — CE); 


CAUSES: 


Null count = 1 
* Null count= 1 


Null count =0 


[1] Only the counter specified by the control word will 
have its null count set to 1. Null count bits of other 
counters are unaffected. 

[2] if the counter is programmed for two-byte counts 
(least significant byte then most significant byte) null 
count goes to 1 when the second byte is written. 


Figure 12. Null Count Operation 


If multiple status latch operations of the counter(s) 
are performed without reading the status, all but the 
first are ignored; i.e., the status that will be read is 
the status of the counter at the time the first status 
read-back command was issued. 


Both count and status of the selected counter(s) 
may be latched simultaneously by setting both 
COUNT and STATUS bits D5,D4=0. This is func- 
tionally the same as issuing two separate read-back 
commands at once, and the above discussions ap- 
ply here also. Specifically, if multiple count and/or 
status read-back commands are issued to the same 
counter(s) without any intervening reads, all but the 
first are ignored. This is illustrated in Figure 13. 


If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardiess of which was latched first. The 
next one or two reads (depending on whether the 
counter is programmed for one or two type counts) 
return latched count. Subsequent reads return un- 
latched count. 


Results | 


| Count and status latched 
for Counter 0 


Read back count and status of 
Counter 1 


Figure 13. Read-Back Command Example 
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1 No-Operation (3-State) 
easel te eet No-Operation (3-State) 


Figure 14. Read/Write Operations Summary 


Mode Definitions 


The following are defined for use in describing the 
operation of the 82C54. 


CLK PULSE: a rising edge, then a falling edge, in 
that order, of a Counter’s CLK input. 


TRIGGER: a rising edge of a Counter’s GATE in- 
put. 


COUNTER LOADING: the transfer of a count from 
the CR to the CE (refer to 
the “Functional Descrip- 
tion’) 


MODE 0: INTERRUPT ON TERMINAL COUNT 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will 
remain low until the Counter reaches zero. OUT then 
goes high and remains high until a new count or a 
new Mode 0 Control Word is written into the Coun- 
ter. 


GATE = 1 enables counting; GATE = 0 disables 
counting. GATE has no effect on OUT. 


After the Control Word and initial count are written to 
a Counter, the initial count will be loaded on the next 
CLK pulse. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
high until N + 1 CLK pulses after the initial count is 
written. 


If a new count is written to the Counter, it will be 
loaded on the next CLK pulse and counting will con- 
tinue from the new count. If a two-byte count is writ- 
ten, the following happens: 


1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required). 


2) Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 


This allows the counting sequence to be synchro- 
nized by software. Again, OUT does not go high until 
N + 1 CLK pulses after the:new count of N is writ- 
ten. 


If an initial count is written while GATE = 0, it will 
still be loaded on the next CLK pulse. When GATE 
goes high, OUT will go high N CLK pulses later; no 


CLK pulse is needed to load the Counter as this has 
already been done. 
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0] oO 07; 0 | O | FF FF 
Bots wees eae nie Cee 


CW=10 LSB=3 


Ihde tw [wtstolels do dete 


CW=10 LSBx<3 {SB =2 


isteds to (slelsleds lela 


231244-8 


NOTE: | 
The Following Conventions Apply To All Mode Timing 
Diagrams: 

.{. Counters are programmed for binary (not BCD) 
counting and for Reading/Writing least significant byte 
(LSB) only. 328 
2. The counter is always selected (CS always low). 

3. CW stands for “Control Word”; CW = 10 means a 
| contro! word of 10, hex is written to the counter. 

4. LSB stands for ‘‘Least Significant Byte” of count. 

5. Numbers below diagrams are count values. 

The lower number is the least significant byte. 

The upper number is the most significant byte. Since 

the counter is programmed to Read/Write LSB only, 

the most significant byte cannot be read. 

N stands for an undefined count. 

Vertical lines show transitions between count values. 


Figure 15. Mode 0 
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MODE 1: HARDWARE RETRIGGERABLE ~ 
ONE-SHOT 


OUT will be initially high. OUT will go low on the CLK - 


pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero. 
OUT will then go high and remain high until the CLK 
pulse after the next trigger. 


After writing the Control Word and initial count, the 
Counter is armed. A trigger results in loading the 
Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse. An initial count of N 
will result in a one-shot pulse N CLK cycles in dura- 
tion. The one-shot is retriggerable, hence OUT will 
remain low for N CLK pulses after any trigger. The 
one-shot pulse can be repeated without rewriting the 
same count into the counter. GATE has no effect on 
OUT. 


If a new count is written to the Counter during a one- 
shot pulse, the current one-shot is not affected un- 
less the Counter is retriggered. In that case, the 
Counter is loaded with the new count and the one- 
shot pulse continues until the new count expires. 


CW=12 iSB=3 


o!}os;}o Oo | FF] oOo] O0 
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Figure 16. Mode 1 


MODE 2: RATE GENERATOR 


This Mode functions like a divide-by-N counter. It is 
typicially used to generate a Real Time Clock inter- 
rupt. OUT will initially be high. When the initial count 


~ has decremented to 1, OUT goes low for one CLK 


pulse. OUT then goes high again, the Counter re- 
loads the initial count and the process is repeated. 
Mode 2 is periodic; the same sequence is repeated 
indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables 


counting. If GATE goes low during an output pulse, 
OUT is set high immediately. A trigger reloads the 
Counter with the initial count on the next CLK pulse; 
OUT goes low N CLK pulses after the trigger. Thus 
the GATE input can be used to synchronize the 
Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. OUT 
goes low N CLK Pulses after the initial count is writ- 
ten. This allows the Counter to be synchronized by 
software also. e 


Cw=14 LSB=3 


CW=14 LSB=4 


NOTE: 
A GATE transition should not occur one clock prior to 
terminal count. 


_ Figure 17. Mode 2 
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Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current period, the Counter will be loaded with 
the new count on the next CLK pulse and counting 
will continue from the new count. Otherwise, the 
new count will be loaded at the end of the current 
counting cycle. In mode 2, a COUNT of 1 is illegal. 


MODE 3: SQUARE WAVE MODE 


Mode 3 is typically used for Baud rate generation. 
Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. OUT will initially be high. When half the ini- 
tial count has expired, OUT goes low for the remain- 
der of the count. Mode 3 is periodic; the sequence 
above is repeated indefinitely. An initial count of N 
results in a square wave with a period of N CLK 
cycles. 


GATE = 1 enables counting; GATE = QO disables 
counting. If GATE goes low while OUT is low, OUT is 
set high immediately; no CLK pulse is required. A 
trigger reloads the Counter with the initial count on 
the next CLK pulse. Thus the GATE input can be 
used to synchronize the Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
allows the Counter to be synchronized by software 
also. 


Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the 
Counter will be loaded with the new count on the 
next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded 
at the end of the current half-cycle. 


Mode 3 is implemented as follows: 


Even counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented 
by two on succeeding CLK pulses. When the count 
expires OUT changes value and the Counter is re- 
loaded with the initial count. The above process is 
repeated indefinitely. 


Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one CLK 
pulse and then is decremented by two on succeed- 
ing CLK pulses. One CLK pulse after the count ex- 
pires, OUT goes low and the Counter is reloaded 
with the initial count minus one. Succeeding CLK 
pulses decrement the count by two. When the count 
expires, OUT goes high again and the Counter is 
reloaded with the initial count minus one. The above 
process is repeated indefinitely. So for odd counts, 


OUT will be high for (N + 1)/2 counts and low for 
(N —1)/2 counts. 


CwWw=-16 LSB=4 


o}o; 0}]0 7] 0; 0 40 {| O |} O } 0 
lelw twtr feted eledeledede deta | 
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A GATE transition should not occur one clock prior to 
terminal count. 


Figure 18. Mode 3 


MODE 4: SOFTWARE TRIGGERED STROBE 


OUT will be initially high. When the initial count ex- 
pires, OUT will go low for one CLK pulse and then 
go high again. The counting sequence is “triggered” 
by writing the initial count. 


GATE = 1 enables counting; GATE = 0 disables 
counting. GATE has no effect on OUT. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
CLK pulse does not decrement the count, so for an 
initial count of N, OUT does not strobe low until 
N + 1 CLK pulses after the initial count is written. 


If a new count is written during counting, it will be 
loaded on the next CLK pulse and counting will con- 
tinue from the new count. If a two-byte count is writ- 
ten, the following happens: 
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1) Writing the first byte has no effect on counting. 


2) Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by 


software. OUT strobes low N+1 CLK pulses after 
the new count of N is written. 
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Figure 19. Mode 4 


MODE 5: HARDWARE TRIGGERED STROBE 
(RETRIGGERABLE) 


OUT will initially be high. Counting is triggered by a 
rising edge of GATE. When the initial count has ex- 
pired, OUT will go low for one CLK pulse and then 
go high again. 
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After writing the Control Word and initial count, the 
counter will not be loaded until the CLK pulse after a 
trigger. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not 


strobe low until N+ 1 CLK pulses after a trigger. 


A trigger results in the Counter being loaded with the 
initial count on the next CLK pulse. The counting 
sequence is retriggerable. OUT will not strobe low 
for N'+ 1 CLK pulses after any trigger. GATE has 
no effect on OUT. | 


lf a new count is written during counting, the current 
counting sequence will not be affected. If a trigger 
occurs after the new count is written but before the 
current count expires, the Counter will be loaded 
with the new count on the next CLK pulse and 
counting will continue from there. 


CW=1A LSB=3 
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Figure 20. Mode 5 
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1) Initiates 
counting 

2) Resets output 
after next 

clock 


1) Disables 


counting Initiates Enables 
2) Sets output counting counting 
immediately 


high 


1) Disables 
counting Initiates Enables 
2) Sets output counting counting 
| immediately 


high 
Disables 
counting 


Enables 
counting 


Figure 21. Gate Pin Operations Summary 


MIN MAX 
COUNT | COUNT 


NOTE: 
0 is equivalent to 216 for binary counting and 104 for 


BCD counting 


Figure 22. Minimum and Maximun initial Counts 


ADVANCE INFORMATION 


Operation Common to All Modes 


Programming 


When a Control Word is written to a Counter, all 
Control Logic is immediately reset and OUT goes to 
a known initial state; no CLK pulses are required for 
this. 


GATE 


The GATE input is always sampled on the rising 
edge of CLK. In Modes 0, 2, 3, and 4 the GATE input 
is level sensitive, and the logic level is sampled on 
the rising edge of CLK. In Modes 1, 2, 3, and 5 the 
GATE input is rising-edge sensitive. In these Modes, 
a rising edge of GATE (trigger) sets an edge-sensi- 
tive flip-flop in the Counter. This flip-flop is then sam- 
pled on the next rising edge of CLK; the flip-flop is 
reset immediately after it is sampled. In this way, a 
trigger will be detected no matter when it occurs—a 
high logic level does not have to be maintained until 
the next rising edge of CLK. Note that in Modes 2 


and 3, the GATE input is both edge- and level-sensi- 


tive. In Modes 2 and 3, if a CLK source other than 
the system clock is used, GATE should be pulsed 
immediately following WR of a new count value. 


COUNTER 


New counts are loaded and Counters are decre- 
mented on the falling edge of CLK. 


The largest possible initial count is 0; this is equiva- 
lent to 216 for binary counting and 104 for BCD 
counting. 


The Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter “wraps around” to 
the highest count, either FFFF hex for binary count- 
ing or 9999 for BCD counting, and continues count- 
ing. Modes 2 and 3 are periodic; the Counter reloads 
itself with the initial count and continues counting 
from there. 
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent dam- 
Ambient Temperature Under Bias....... 0°C to 70°C age to the device. This is a stress rating only and 
Storage Temperature............ — 65° to + 150°C functional operation of the device at these or any 
Supply Voltage .................6. —0.5to +8.0V_ —_— other conditions above those indicated in the opera- 
Operating Voltage .................. +4Vto +7V tional sections of this specification is not implied. Ex- 
Voltage on any Input..... eee GND —2V to +6.5V posure to absolute maximum rating conditions for 
Voltage on any Output ..GND—0.5V to Vcc + 0.5V extended periods may affect device reliability. 


Power Dissipation ...........0. 0.0000 eee eee 1 Watt 


NOTICE: Specifications contained within the 
following tables are subject to change. 


MHz 82054 
Clk Freq =, onanz 82C54-2 


Parameter Max Units 


Input Capacitance 


| Min | 
Leesa 

| to | wocwetace | | 
a af 


Output Capacitance pF 


A.C: CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5V +10%, GND =0V) 
BUS PARAMETERS (Note 1) | 


Unmeasured pins 
returned to GND 


READ CYCLE 


| symbol Sarees 82054 2054-2 


Address Stable Before RD J 


Min | Max | Min 
Ls! ore een oe 
Eee 

| AddressHoldTimeAfterRDJ | 0 [| | 0 
———————————————E 
RD ae 

| tap ae es ae 
| 5 | 9 | 

Ea ae 


taR 

tsR 

tRA 

tRR 

tap Data Delay from Address 
tbr | 

trv 


| tpp RD f to Data Floating 


NOTE: | 
1. AC timings measured at Voy = 2.0V, Vo_ = 0.8V. 


Min 
30 
| 5 


Command Recovery Time 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


Address Stable Before WR J 
CS Stable Before WR | 
twa | Address Hold Time After WR T 


taw 

tsw 

twa 

tww 
tow 

two 

t 


P ABW Data Setup Time Before WR T 


| Data Hold Time After WR T 
Command Recovery Time 


150 | 
120 
200 


RV 


CLOCK AND GATE 


Clock Period 125 


tPpWH High Pulse Width 60/3] 
tpwi Low Pulse Width 6013] 
Tr j 


82C54 82C54-2 


soft 


ola 


3 

5 
aan 
fel 


| te | Clock Fall Time 
| tew | GateWidthHigh 
Gate Setup Time to CLK T 


te 
taw 
tat 
Gate Hold Time After CLK T 
Output Delay from CLK J 
two 
twa 
two 
toL 


AAS 
oO 


ealal 


50l2] 
150 


120 | 


topG Output Delay from Gate | 


| two | __ CLK Delay for Loading 
L AWee Gate Delay for Sampling 
ee OUT Delay from Mode Write 


50 

50 

0 

—5 
Pte CLK Set Up for Count Latch 
NOTES: 


2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of 
the rising clock edge may not be detected. 
3. Low-going glitches that violate tpwyH, tpyi. May Cause errors requiring counter reprogramming. 


DC 
25 

25 

95 

50 

260 


—4 


ct 
| pc | ns | 
ee 
ae ee 
| 25 | ns 
eee. | | ons | 
re a 
re ee 
a eae 
=o 
by HOO 
re 
| ns 
| 40 | ns 
| 240 | ns | 
| 40 | ns 


on 


45 
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WAVEFORMS 
WRITE 
Ao. ( 
a nr —| twa |<+— 
cs | 
be ae 
+ tow ———> |<4-— two — 
wR 
or tww <-_- 
231244-14 
READ 


DATA BUS == == == == 


231244-15 


RECOVERY 


231244-16 


231244-001 
6-22 


intel ezcss ADVANCE INFORMATION 


CLOCK AND GATE 


OUTPUT 0 


231244-17 
* Last byte of count being written 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.4 DEVICE 
2.0 UNDER 


, TEST 
> TEST POINTS < 


0.8 
0.45 


231244-18 
A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V 
for a logic “0.” Timing measurements are made at 2.0V for a logic 
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82C55A 
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE 


ca] Compatible with all Intel and most m Low Power CHMOS 
other microprocessors —Icc < 10mA 


m High Speed, “Zero Wait State” Completely TTL Compatible 
a Control Word Read-Back Capability 
Direct Bit Set/Reset Capability 


m 24 Programmable I/O Pins il na Ra _ 
= Bus-hold circuitry on all I/O Ports aca ‘pate, apability on a 


Eliminates Puli-up Resistors 


The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose 
programmable I/O device which is designed for use with all Intel and most other microprocessors. It provides 
24 I/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. 
The 82C55A is pin compatible with the NMOS 8255A and 8255A- 5. 


In MODE 0, each group of 12 |/O pins may be programmed in sets of 4 to be inputs or outputs. In MODE 1, 
each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used for 
handshaking and interrupt control signals. MODE 2 is a bi-directional bus, and 5 lines, borrowing one from the 
other group, for handshaking. 


~ The 82C55A is fabricated on Intel’s advanced CHMOS III technology which provides low power consumption 
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin 
DIP and 44-pin plastic leaded chip carrier (PLCC) packages. 
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231256-1 | 231256-2 
Figure 1. 82C55A Block Diagram Figure 2. 82C55A Pinout 


Diagrams are for pin reference only. Package 
sizes are not to scale. 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1984 
© Intel Corporation, 1984 Order Number: 231256-001 
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Table 1. Pin Description 


Pin Number 
oe PLCC Name and Function 


I/O | PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/ 
buffer and an 8-bit data ee ee latch. 


READ CONTROL: This input is low | READ CONTROL: This input is low during CPU read operations. _ CPU read operations. 
CHIP SELECT: A low on this input enables the 82C55A to 


respond to RD and WR signals. RD and WR are ignored 
otherwise. 


System Ground 


ADDRESS: These input signals, in conjunction RD and WR, 
control the selection of one of the three ports or the control word 


registers. 

| WR | CS | Input Operation (Read) | 
| 1 | 0 |  PortA-DataBus | 
| 1 | 0 |  PortB-DataBus 
ea ee 
tO. 


Port C - Data Bus 
Control Word - Data Bus 


ia 

pecan 
| 0 | 0 |  DataBus-PortA 
| 0 | 0 |  DataBus-PortB 
Be a ee 
ze ee 


[1 [0 | Data Bus-3- Stato 


PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/ 
buffer and an 8-bit data input buffer (no latch for input). This port 
can be divided into two 4-bit ports under the mode control. Each 
4-bit port contains a 4-bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with ports 


10-13 11-14 
A and B. 


14-17 | 15-18 PORT C, PINS 0-3: Lower nibble of Port C. 


PBo.7 18-25 | 19-26 I/O | PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8- 
bit data input buffer. 


Voc | a SYSTEM POWER: + 5V Power Supply. 
_e 27-34 30-37 | I/O DATA BUS: Bi-directional, tri-state data bus lines, connected to 


system data bus. 


RESET: A high on this input clears the control register and all 

ports are set to the input mode. | 

WRITE CONTROL: This input is low during CPU write 

operations. 

PA7_4 37-40 | 41-44 I/O | PORT A, PINS 4-7: Upper nibble of an 8-bit data outputlatch/ |. 
buffer and an 8-bit data input latch. 


WE 
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uo 
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82C55A FUNCTIONAL DESCRIPTION 


General 


The 82C55A is a programmable peripheral interface 
device designed for use in Intel microcomputer sys- 
tems. Its function is that of a general purpose !/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configu- 
ration of the 82C55A is programmed by the system 
software so that normally no external logic is neces- 
sary to interface peripheral devices or structures. 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to inter- 


face the 82C55A to the system data bus. Data is 
transmitted or received by the buffer upon execution 
of input or output instructions by the CPU. Control 
words and status information are also transferred 
through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the 
internal and external transfers of both Data and 
Control or Status words. It accepts inputs from the 
CPU Address and Control busses and in turn, issues 
commands to both of the Control Groups. | 


Group A and Group B Controls 


The functional configuration of each port is pro- 
grammed by the systems software. In essence, the 
CPU “outputs” a control word to the 82C55A. The 
control word contains information such as “mode”, 
“bit set”, “bit reset’, etc., that initializes the func- 
tional configuration of the 82C55A. | 
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Each of the Control blocks (Group A and Group B) © 
accepts “commands” from the Read/Write Control 
Logic, receives “control words” from the internal 
data bus and issues the proper commands to its as- 
sociated ports. 


Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-CO) 


The control word register can be both written and 
read as shown in the address decode table in the 
pin descriptions. Figure 6 shows the control word 
format for both Read and Write operations. When 
the control word is read, bit D7 will always be a logic 
“1”, as this implies control word mode information. 


Ports A, B, and C 


The 82C55A contains three 8-bit ports (A, B, and C). 
All can be configured in a wide variety of functional 
characteristics by the system software but each has 
its own special features or “personality” to further 
enhance the power and flexibility of the 82C55A. 


Port A. One 8-bit data output latch/buffer and one 
8-bit input latch. Both “‘pull-up’”’ and “‘pull-down” bus 
hold devices are present on Port A. 


Port B. One 8-bit data input/output latch/buffer and 
one 8-bit data input buffer. Only “pull-up” bus hold 
devices are present on Port B. 


Port C. One 8-bit data output latch/buffer and one — 
8-bit data input buffer (no latch for input). This port 
can be divided into two 4-bit ports under the mode 
control. Each 4-bit port contains a 4-bit latch and it 
can be used for the control signal outputs and status 
signal inputs in conjunction with ports A and B. Only 
“pull-up” bus hold devices are present on Port C. 


See Figure 4 for the bus-hold circuit configuration for 
Port A, B, and C. 
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—_—_ oe +5Y 
POWER 
SUPPLIES 


—_————e GND 


GROUP 
A 


a 


BI-DIRECTIONAL DATA BUS 


0,0,€ —___) 


BUFFER 
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Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 


EXTERNAL 
PORT A 
PIN 


INTERNAL 
DATA IN 


INTERNAL 
DATA OUT 


EXTERNAL 
PORT B,C 
PIN 


INTERNAL 
DATA 
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Figure 4. Port A, B, C, Bus-hold Configuration 
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82C55A 


ADVANCE INFORMATION — 


82C55A OPERATIONAL DESCRIPTION 


Mode Selection 


There are three basic modes of operation that can 
be selected by the system software: 


Mode 0 — Basic input/output 
Mode 1 — Strobed Input/output 
Mode 2 — Bi-directional Bus 


When the reset input goes “high” ail ports wili be set 
to the input mode with all 24 port lines held at a logic 
“one” level by the internal bus hold devices. After 


the reset is removed the 82C55A can remain in the: 


input mode with no additional initialization required. 
This eliminates the need for pullup or pulldown de- 
vices in “all CMOS” designs. During the execution 
of the system program, any of the other modes may 
be selected by using a single output instruction. This 
allows a single 82C55A to service a variety of pe- 
ripheral devices with a simple software maintenance 
routine. — 


The modes for Port A and Port B can be separately 
defined, while Port C is divided into two portions as 
required by the Port A and Port B definitions. All of 
the output registers, including the status flip-flops, 
will be reset whenever the mode is changed. Modes 
may be combined so that their functional definition 
can be “tailored” to almost any |/O structure. For 
instance; Group B can be programmed in Mode 0 to 


monitor simple switch closings or display computa- . 


tional results, Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an 
interrupt-driven basis. | 


ADDRESS BUS 


CONTROL BUS 


D,-Dy 
82C55A 


PB, PB,  PCsPC, = PC,PC, = PA -PA, 


8 Cea A 


on 


PB,-PBy CONTROL CONTROL  PA,-P. 
OR 1/0 OR 1/0 ie 


8 ALT A 
ke) J=(S.0 RECTIONAL 
PB, -PB, VO be — i PAS -PAY 


CONTROL 
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Figure 5. Basic Mode Definitions and Bus 
Interface 


CONTROL WORD 


BRRESSaS 
= 


GROUP B 


PORT C (LOWER) 
1 = INPUT 
0 = OUTPUT 


PORT B 
1= INPUT 
0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1= MODE 1 


GROUP A 


PORT C (UPPER) 
1 = INPUT 
0 = OUTPUT 


PORTA 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1* ACTIVE 
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Figure 6. Mode Definition Format 


The mode definitions and possible mode combina- 
tions may seem confusing at first but after a cursory 
review of the complete device operation a simple, 
logical |/O approach will surface. The design of the 
82C55A has taken into account things such as effi- 
cient PC board layout, control signal definition vs PC 
layout and complete functional flexibility to support 
almost any peripheral device with no external logic. 
Such design represents the maximum use of the 
available pins. 


Single Bit Set/ Reset Feature 


Any of the eight bits of Port C can be Set or Reset 
using a single OUTput instruction. This feature re- 
duces software requirements in Control-based appli- 
cations. 


When Port C is being used as status/control for Port 
A or B, these bits can be set or reset by using the Bit 
Set/Reset operation just as if they were data output 
ports. ; 
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Interrupt Control Functions 


When the 82C55A is programmed to operate in 
mode 1 or mode 2, control signals are provided that 
can be used as interrupt request inputs to the CPU. 
BUT SE nreey The interrupt request signals, generated from port C, 
0 = RESET can be inhibited or enabled by setting or resetting 
the associated INTE flip-flop, using the bit set/reset 


BIT SELECT function of port C. 


OOBHOGou 
0} 10/1 ]0/ 110] 1] 8 This function allows the Programmer to disallow or 
eee Tey allow a specific |/O device to interrupt the CPU with- 
out affecting any other device in the interrupt struc- 
ture. 
BIT SET/RESET FLAG 
oT aeTINE INTE flip-flop definition: 


231256-7 


(BIT-SET)—INTE is SET—Interrupt enable 
(BIT-RESET)—INTE is RESET—Interrupt disable 


Figure 7. Bit Set/Reset Format 


Note: 
All Mask flip-flops are automatically reset during 
mode selection and device Reset. 
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Operating Modes Mode 0 Basic Functional Definitions: 
. , e¢ Two 8-bit ports and two 4-bit ports. 

Mode 0 (Basic Input/Output). This functional con- ; 

figuration provides simple input and output opera- e Any port can be input or output. 

tions for each of the three ports. No “handshaking” e Outputs are latched. 

is required, data is simply written to or read from a e Inputs are not latched. 


specified port. ® 16 different Input/Output configurations are pos- 


sible in this Mode. 


MODE 0 (BASIC INPUT) 


231256-8 


MODE 0 (BASIC OUTPUT) 


231256-9 
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MODE 0 Port Definition 


MODE 0 Configurations 


CONTROL WORD #0 
D, Ds Ds 0D, 03 Dz 0; Dy 


A 


82C55A 


7 


CONTROL WORD #1 
D, Ds Ds 0, Dy, D0, D, D 


| Bo |) GROUPAT | GROUP B | 

| | m% | rorra | deren | * | Pomme | Cowen | 

| o | o | output | ourpuT | o | OUTPUT | OUTPUT | 
[Oa ee OUTPUT OUTPUT 
po | 4 | oO | ouTeuT | OUTPUT 
(ee a a ouTPuT_| 3 | INPUT | INPUT 
pt [| o fo | ourpur | inpur {| 4 | ourpuT | OUTPUT _| 
pt {| oof +f oureur | input | 5 | OUTPUT 
pot ft 4 | o | ourpur | input | 6 | INPUT | OUTPUT _| 
fo | o | o | input | ourpuT | 8 | oureut | output | 
po | of 4 | iNpur | ourpuT {| 9 | OUTPUT | INPUT | 
po | 4 | oO | INPUT | OUTPUT 
po ft ft | inpuT | ourpuT | tt | INPUT |_INPUT 
Pot | o fo | NpuT | inpuT_ | 42 | OUTPUT 
pot fo ft | input | input | 13 | OuTPUT | INPUT 
pot | at fo | input | input | INPUT | OUTPUT_ 


B2C55A ADVANCE INFORMATION 


CONTROL WORD #2 
D, Dg Dz, Dg 0; Dy, D, Dy 


82C55A 


CONTROL WORD #3 
D, Dg Ds Dy Dz; DBD, D, Dy 


82C55A 


: 
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MODE 0 Configurations (Continued) 


CONTROL WORD #4 


D, Ds Ds 0% Dz DO, D1, Dy 


82C55A 


PA,-PAy 
PC,-PC, 
D, -D 0 —_—_—_——_————— > 


PCs PCy 


PB, PB, 


CONTROL WORD #5 
D, D, D, D0, Dy 


0, Os Dy 


PA,-PAy 


82C55A 
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CONTROL WORD #8 
D, Deg Ds OD, D3, Dg DBD, Dy 


82C55A 


PC,-PC, 
D,-Dy « cor 


PC, -PC, 


PB, PB, 


CONTROL WORD #9 


D, De Ds O& 0, D, D, Dy 


82C55A 82C55A 
PC, -PC, PC, PC, 
Dg Sa D,-Dy 
PB, -PB, PB, PB, 
CONTROL WORD #6 CONTROL WORD #10 
D, Dg 0, D, D3; OZ DO, Dy D, Dg Os Dy 0, Dy, 0, Dy 
PA,-PA, PA, PAy 
82C55A 82C55A 
PC,-PC, PC,-PC, 
D,-D, <——____—_> D,-Dy 
PC3-PC, PC, PC, 
PB,-PB, PB,-PB, 
CONTROL WORD #7 CONTROL WORD #11 
D7 De Ds O 03; D2 OD, Dy O, 0s DO Dy Dz Dy, Dg 
PA,-PAy A PA, PA, 
82C55A ; 82C55A 
PC,-PC, PC,-PC, 
D,-D, c 
PC,-PC, PC,-PC, 
PB,-PB, B PB, PA, 
231256-11 
231256-001 
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MODE 0 Configurations (Continued) 


CONTROL WORD #12 
0, O OO O% Dz 2 YO 


82CS55A 


“| 


CONTROL WORD #13 
D, 0, Ds OD, 0; DB, D, Dy 


B2C55A 


Operating Modes 


MODE 1 (Strobed Input/Output). This functional 
configuration provides a means for transferring 1/O 
data to or from a specified port in conjunction with 
strobes or “‘handshaking”’ signals. In mode 1, Port A 
and Port B use the lines on Port C to generate or 
accept these ‘‘handshaking” signals. 


CONTROL WORD #14 
D, Dg OF O& OD, DZ OD, 


A 
82C55A 


“| 


CONTROL WORD #15 
D, Dg Ds DO Dz Dy 0, 


82C55A 
° | 
PC -PCy 
PB,-PBy 
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Mode 1 Basic functional Definitions: 
e Two Groups (Group A and Group B). 


e Each group contains one 8-bit data port and one 
4-bit control/data port. 


e The 8-bit data port can be either input or output 
Both inputs and outputs are latched. 


e The 4-bit port is used for control and status of the 
8-bit data port. 
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Input Control Signal Definition 


MODE 1 (PORT A) 


STB (Strobe input). A “low” on this input loads 
data into the input latch. | CONTROL WORD 


D, Dg 0, D, 03 0, D, Dy 


feds foxx 
PC, 7 
1 = INPUT 


A “high” on this output indicates that the data has 0 = OUTPUT 
been loaded into the input latch; in essence, an ac- . 
knowledgement. IBF is set by STB input being low 
and is reset by the rising edge of the RD input. 


IBF (Input Buffer Full F/F) 


INTR (interrupt Request) 


A “high” on this output can be used to interrupt the 
CPU when an input device is requesting service. 
INTR is set by the STB is a “one”, IBF is a “one” FOO ww, 
and INTE is a “one”. It is reset by the falling edge of PDD +X 
RD. This procedure allows an input device to re- | 
quest service from the CPU by simply strobing its 
data into the port. 


CONTROL WORD 
D, Dg Dy Dg Dz Dz D, Dy 


INTE A 

Controlled by bit set/reset of PC,4. 
INTE B | | 231256-13 
Controlled by bit set/reset of PCo. 


Figure 8. MODE 1 Input 


INPUT FROM .... 
PERIPHERAL 
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Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 
OBF (Output Buffer Full F/F). The OBF output will 


MODE 1 (PORT A) 


go “low” to indicate that the CPU has written data CONTROL WORD 
out to the specified port. The OBF F/F will be set by Dy Dg Ds D4 Dz D, D, Dy 


the rising edge of the WR input and reset by ACK BORODIN 


Input being low. PC, 


1= INPUT 


ACK (Acknowledge Input). A “low” on this input 0= OUTPUT 
informs the 82C55A that the data from Port A or Port 
B has been accepted. In essence, a response from 
the peripheral device indicating that it has received 
the data output by the CPU. 


INTR (interrupt Request). A “high” on this output 
can be used to interrupt the CPU when an output 
device has accepted data transmitted by the CPU. 


CONTROL WORD 


INTR is set when ACK is a “one”, OBF is a “one” st Bt Re 
and INTE is a “one”. It is reset by the falling edge of i DDDD 1 DX 
WR. 

INTE A 

Controlled by bit set/reset of PCg. 

INTE B 


Controlled by bit set/reset of PCo. 
231256-15 


Figure 10. MODE 1 Output 
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Figure 11. MODE 1 (Strobed Output) 
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Combinations of MODE 1 


82C55A — 


ADVANCE INFORMATION 


Port A and Port B can be nawignay defined as input or output in Mode 1 to support a wide variety of strobed 


1/O applications. | 


CONTROL WORD 


D, Dg D, D, D; D2 D, Dy 


CT [tals eM 
PC, 7 
1 = INPUT 


0 = OUTPUT 


. PORT A — (STROBED INPUT) 
- PORT B — (STROBED OUTPUT) 


CONTROL WORD 
D, Dg D, Dy, D3 Dy D, Dy 


\/A 
BORGEE 
PC, s 
1 = INPUT 
. 0 = OUTPUT 


RD——o 


PORT A — (STROBED OUTPUT) 
PORT B ~ (STROBED INPUT) 
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Figure 12. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus 1/0).This 
functional configuration provides a means for com- 
municating with a peripheral device or structure on a 
single 8-bit bus for both transmitting and receiving 
data (bidirectional bus I/O). ‘‘Handshaking”’ signals 
are provided to maintain proper bus flow discipline in 
a similar manner to MODE 1. Interrupt generation 
and enable/disable functions are also available. 


MODE 2 Basic Functional Definitions: 
© Used in Group A only. 


® One 8-bit, bi-directional bus port (Port A) and a 5- 
bit control port (Port C). 


e Both inputs and outputs are latched. 


¢ The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port 
(Port A). 


Bidirectional Bus I/O Control Signal Definition 


INTR (Interrupt Request). A high on this output can 
be used to interrupt the CPU for. input or output oper- 
ations. 


Output Operations 
OBF (Output Buffer Full). The OBF output will go 


“low” to indicate that the CPU has written data out 


to port A. 


ACK (Acknowledge). A “low” on this input enables 
the tri-state output buffer of Port A to send out the 
data. Otherwise, the output buffer will be in the high 
impedance state. 


INTE 1 (The INTE Flip-Fiop Associated with 
OBF). Controlled by bit set/reset of PCg. 
input Operations 


STB (Strobe Input). A “low” on this input loads 
data into the input latch. 


IBF (Input Buffer Full F/F). A “high” on this output 
indicates that data has been loaded into the input 
latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). 
Controlled by bit set/reset of PC,4. 
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CONTROL WORD 


D, 0; 0, 2D, 


Boon 


PCr 
1 = INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


GROUP B MODE 
0 = MODE 0 
1 = MODE 1 
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Figure 13. MODE Control Word 


DATA FROM 
CPU TO 82C55A 


PERIPHERAL 
BUS 


DATA FROM 
PERIPHERAL TO 82C5SS5A 


ADVANCE INFORMATION 
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Figure 14. MODE 2 


DATA FROM 


82C55A TO PERIPHERAL 


DATA FROM 
82C55A TO CPU 
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Figure 15. MODE 2 (Bidirectional) 


NOTE: ae 
Any sequence where WR occurs before ACK, and STB occurs 
(INTR = IBF ¢ MASK ¢ STB ¢ RD + OBF ® e 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


ACK, CONTROL WORD 
D, Dg 0; D, 0, D, D, Dy 


LL DDD [e fr] 


CONTROL WORD 


Lh DPT of + jr 


1 = INPUT 1 = INPUT 
0 = OUTPUT 


0 = OUTPUT 


AD ————e-o 


MODE 2 AND MODE 1 (INPUT) 


MODE 2 AND MODE 1 (OUTPUT) 


INTR, 


O8F, OBF, 
CONTROL WORD xoK CONTROL WORD Aik, 
‘A Fi 
D, Dg Ds 0, D, D, D, Dy D, Dg Ds Dy 0, Dz D, Dy 

PL XDD] | ai, Lh DDT Dd 78, 
IBF, IBF, 
OBF, STB, 
RO ACK, RD ———_—_+a IBF, 

wR INTR, WR —————e-o INTR, 

231256-21 

Figure 16. MODE 1/, Combinations 
231256-001 


6-38 


intel’ 


Mode Definition Summary 


Special Mode Combination Considerations 


There are several combinations of modes possible. 
For any combination, some or all of the Port C lines 
are used for control or status. The remaining bits are 
either inputs or outputs as defined by a ‘‘Set Mode’”’ 
command. 


During a read of Port C, the state of all the Port C 
lines, except the ACK and STB lines, will be placed 
on the data bus. In place of the ACK and STB line 
States, flag status will appear on the data bus in the 
PC2, PC4, and PC6 bit positions as illustrated by 
Figure 18. 


Through a “Write Port C” command, only the Port C 
pins programmed as outputs in a Mode 0 group can 
be written. No other pins can be affected by a “‘Write 
Port C’” command, nor can the interrupt enable flags 
be accessed. To write to any Port C output pro- 
grammed as an output in a Mode 1 group or to 


82C55A 


ADVANCE INFORMATION 


GROUP A ONLY 


MODE 0 
OR MODE 1 
ONLY 


< 
<_>, 
<< 
<> 
<> 
<— 
<> 
<—_ 


change an interrupt enable flag, the ‘“Set/Reset Port 
C Bit” command must be used. 


With a “‘Set/Reset Port C Bit’? command, any Port C 
line programmed as an output (including INTR, IBF 
and OBF) can be written, or an interrupt enable flag 
can be either set or reset. Port C lines programmed 
as inputs, including ACK and STB lines, associated 
with Port C are not affected by a ‘‘Set/Reset Port C 
Bit” command. Writing to the corresponding Port C 
bit positions of the ACK and STB lines with the 
“Set/Reset Port C Bit’? command will affect the 
Group A and Group B interrupt enable flags, as illus- 
trated in Figure 18. 


Current Drive Capability 


Any output on Port A, B or C can sink or source 2.5 
mA. This feature allows the 82C55A to directly drive 
Darlington type drivers and high-voltage displays. 
that require such sink or source current. 


231256-001 


6-39 


intel tessa ADVANGE INFORMATION 


Reading Port C Status INPUT CONFIGURATION 
D7 De Ds Da D3 Do D; Do 


In Mode 0, Port C transfers data to or from the pe- 3 
ripheral device. When the 82C55A is programmed to 


function in Modes 1 or 2, Port C generates or ac- 


cepts “hand-shaking” signals with the peripheral de- BhOOre ShOuEB 
vice. Reading the contents. of Port C allows the pro- OUTPUT CONFIGURATIONS 
grammer to test or verify the “status” of each pe- D7 De Ds Dg D3 Do D, 


ripheral device and change the program flow ac- INTE. I/O I/O] INTR 
; INT 
cordingly. OBF 4| | A Pe CACC ALS NTR 


: Scie & ‘ : GR A 
There is no special instruction to read the status in- OUP GROUP B 


formation from Port C. A normal read operation of Figure 17a. MODE 1 Status Word Format 
Port C is executed to perform this function. 


D7 Dg Ds Dg D3 Do D; Do 


oar[wreer]nrejwra] 


GROUP A GROUP B 
(Defined By Mode 0 or Mode 1 Selection) 


Figure 17b. MODE 2 Status Word Format 


Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode) 


INTE B , ACKg (Output Mode 1) or STBg (Input Mode 1) 


INTE A2 ( | STBa (Input Mode 1 or Mode 2) 
INTEA1 | ACKa (Output Mode 1 or Mode 2 


Figure 18. interrupt Enable Flags in Modes 1 and 2 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias... .0°C to + 70°C 


Storage Temperature ......... — 65°C to + 150°C 
Supply Voltage .................. — 0.5 to + 8.0V 
Operating Voltage ................. + 4Vto + 7V 
Voltage on any Input.......... GND -—2V to + 6.5V 
Voltage on any Output ..GND—0.5V to Vcc + 0.5V 
Power Dissipation .................00 eee 1 Watt 


D.C. CHARACTERISTICS 


Ta = O°C to 70°C, Voc = +5V +10%, GND = OV 


Input Low Voltage 


Input High Voltage 
| Output Low Voltage 
Output High Voltage 


Input Leakage Current 


Bus Hold Low Leakage Current 
Bus Hold High Leakage Current 
Voc Supply Current 


Note: 
Average Icc with all outputs open is 100 pA. 


82C55A 


ADVANCE INFORMATION 


*Notice: Stresses above those listed under “‘Abso- 
lute Maximum Ratings”’ may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Test Conditions 
ye 


Ports A, B, C 
Rext = 7509 
Vext = 1.5V 


Vout = 1.0V 
Port A only 


Vin = Voc or GND 
Outputs Open 


- 231256-001 
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CAPACITANCE 

Ta = 28°C, Voc =GND = OV | 
|___ Parameter | _~=Min | Max | Units | TestConditions 
Input Capacitance | | _—s10.=Ss | _—spF_|_—_ Unmeasuredpins 


|/O Capacitance returned to GND 


A.C. CHARACTERISTICS , 
Ta = 0° to 70°C, Vog = +5V +10%, GND = OV 


BUS PARAMETERS 


READ CYCLE 


Test 


Address Stable Before RD | 
Address Hold Time After RD T 


FD — 
me After RD a 
a 
| = | 
— 
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OTHER TIMINGS 


Test 
Conditions 


_ 
© 


A 
WR = OtoINTR = 0 
| tres | Reset Pulse Width. 


NOTE: 

1. INTR T may occur as early as WR |. 

2. Pulse width of initial Reset pulse after Power on must be at least 50 wSec. Subsequent Reset pulses may be 500 ns 
minimum. 


see note 1 


see note 2 
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WAVEFORMS 


MODE 0 (BASIC INPUT) 


CS, A1, AO 


231256-22 


MODE 0 (BASIC OUTPUT) 


CS, A1, AO 


OUTPUT 


231256-23 
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WAVEFORMS (Continued) 


MODE 1 (STROBED INPUT) 


RD 


INPUT FROM Lo , 
PERIPHERAL 


<+—__--_______- tpg —- —_— 
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MODE 1 (STROBED OUTPUT) 


231256-25 
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WAVEFORMS (Continued) 


MODE 2 (BIDIRECTIONAL) 


DATA FROM 


i 


PERIPHERAL nn eee ee ee 
re = Gm =D EE sD 


DATA FR DATA FROM 
PERIPHERAL TO 8265 8265 TO PERIPHERAL 


DATA FROM 
8266 TO s0ec 
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Note: 
Any sequence where 
| (INTR = IBF ¢e MASK 


WRITE TIMING 


DATA BUS 


DEVICE 
UNDER 
TEST 


231256-29 


A.C. Testing Inputs Are Driven At 2.4V For A Logic 1 And 0.45V 
For A Logic 0 Timing Measurements Are Made At 2.0V For A 
Logic 1 And 0.8 For A Logic 0. 


231256-30 


*Vext Is Set At Various Voltages During Testing To Guarantee 
The Specification. C,_ Includes Jig Capacitance. 
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Additional References 


For additional information, the following documents appear in the appropriate product line handbook. 


Memory Components 
APPLICATION NOTES 
AP-171 Low Power with CHMOS DRAMs 
AP-172 CHMOS DRAMs In Graphics Applications 


ARTICLE REPRINTS 
AR-311 System Implications of CHMOS Dynamic RAMs 
AR-312 Static Column Architecture in CHMOS Dynamic RAMs — A Graphics Memory Solution 
AR-313 CMOS vs. NMOS Comparisons In Dynamic RAM Design 
AR-332 Modular Approach to C-MOS Technology Tailors Process To Application 
AR-338 C-MOS 256-K RAM With Wideband Output Stands By On Microwatts 


Microcontrollers 
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Bellevue 98005 

Tel: (206) 453-5874 

TWX: 910-443-2469 


WISCONSIN 


tArrow Electronics, Inc. 
430 W. Rausson Avenue 
Oakcreek 53154 

Tel: (414) 764-6600 
TWX: 910-262-1193 


tHamilton/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 

Tel: (414) 784-4510 

TWX: 910-262-1182 


CANADA 


ALBERTA 


tHamilton/Avnet ‘Electronics 
2816 21st Street N.E. 
Calgary T2E 6Z2 

Tel: (403) 230-3586 

TWX: 03-827-642 


Zentronics 


ay No. 
3300 14th Avenue N.E. 
Calgary T2A 6J4 

Tel: (403) 272-1021 


BRITISH COLUMBIA 


Zentronics 
108-11400 Bridgeport Roa 
Richmond V6X 172 

Tel: (604) 273-5575 
TWX: 04-5077-89 


MANITOBA 


Zentronics 

590 Berry Street 
Winnipeg R3H OS1 
Tel: (204) 775-8661 


ONTARIO 


Hamilton/Avnet Electronics 
6845 Rexwood Road 
Units G & H 
Mississauga L4V 1R2 
Tel: (416) 677-7432 
TWX: 610-492-8867 


Hamilton/Avnet Electronics 
210 Colonnade Road South 
Nepean K2E 7L5 

Tel: (613) 226-1700 

TWX: 05-349-71 


Zentronics : 
8 Tilbury Court 
Brampton L6T 314 
Tel: (416) 451-9600 
TWX: 06-976-78 


Zentronics 

564/10 Weber Street North 
Waterloo N2L 5C6 

Tel: (519) 884-5700 


Zentronics 

155 Colonnade Road 
Unit 17 : 
Nepean K2E 7K1 
Tel: (613) 225-8840 
TWX: 06-976-78 


QUEBEC 


Hamilton/Avnet Electronics 
2670 Sabourin Street 

St. Laurent H4S 1M2 
Tel: (514) 331-6443 
TWX: 610-421-3731 


Zentronics 

505 Locke Street 
St. Laurent H4T 1X7 
Tel: (514) 735-5361 
TWX: 05-827-535 


tMicrocomputer System Technical Demonstrator Centers 


BELGIUM 


Intel Corporation S.A. 

Parc Seny 

Rue du Moulin a Papier 51 
Boite 1 

B-1160 Brussels 

Tel: (02)661 07 11 

TELEX: 24814 


DENMARK 


intel Denmark A/S* 
Glenteve; 61 - 3rd Floor 
DK-2400 Copenhagen 
Tel: (01) 19 80 33 
TELEX: 19567 


FINLAND 


Intel Finland OY 
Hameentie 103 

SF - 00550 Helsinki 55 
Tel: 0/716 955 

TELEX: 123 332 


FRANCE 


Intel Corporation, S.A.R.L.* 
5 Place de ja Balance 
Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 
TELEX: 270475 


EUROPEAN SALES OFFICES 


FRANCE (Cont'd) 


intel Corporation, S.A.R.L. 
Immeuble BBC 

4 Quai des Etroits 
69005 Lyon 

Tel: (7) 842 40 89 
TELEX: 305153 


WEST GERMANY 


Intel Semiconductor GmbH* 
Seidistrasse 27 

D-8000 Munchen 2 

Tel: (89) 53891 

TELEX: 05-23177 INTL D 


intel Semiconductor GmbH* 
Mainzer Strasse 75 
D-6200 Wiesbaden 1 

Tel: (6121) 70 08 74 
TELEX: 04186183 INTW D 


Intel Semiconductor GmbH 
Brueckstrasse 61 

7012 Fellbach 

Stuttgart 

Tel: (711) 58 00 82 
TELEX: 7254826 INTS D 


Intel Semiconductor GmbH* 
Hohenzollern Strasse 5* 
3000 Hannover 1 

Tel: (511) 34 40 81 
TELEX: 923625 INTH D 


ISRAEL 


Intel Semiconductor Ltd.* 
P.O. Box 1659 

Haifa 

Tel: 4/524 261 

TELEX: 46511 


ITALY 


Intel Corporation Italia Spa* 
Milanofiori, Palazzo E 
20094 Assago (Milano) 
Tel: (02) 824 00 06 
TELEX: 315183 INTMIL 


NETHERLANDS 


Intel Semiconductor Nederland 8.V.* 
Alexanderpoort Building 

Marten Meesweg 93 

3068 Rotterdam 

Tel: (10) 21 23 77 

TELEX: 22283 


NORWAY 


Intel Norway A/S 
P.O. Box 92 
Hvamveien 4 
N-2013 

Skjetten 

Tel: (2) 742 420 
TELEX: 18018 


SPAIN 


Intel Iberia 

Calle Zurbaran 28 
Madrid 04 

Tel: (34) 1410 40 04 
TELEX: 46880 


SWEDEN 


Intel Sweden A.B.* 
Dalvagen 24 
S-17136 Solna 

Tel: (08) 734 01 00 
TELEX: 12261 


SWITZERLAND 


Intel Semiconductor A.G.* 
Talackerstrasse 17 

8152 Glattbrugg postfach 
CH-8065 Zurich 

Tel: (01) 829 29 77 
TELEX: 57989 ICH CH 


UNITED KINGDOM 


Intel Corporation (U.K.) Ltd.* 
Pipers Way 

Swindon, Wiltshire SN3 1RJ 
Tel: (0793) 488 388 
TELEX: 444447 INT SWN 


*Field Application Location 


EUROPEAN DISTRIBUTORS/REPRESENTATIVES 


AUSTRIA 


Bacher Elektronische Geraete GmbH 
Rotemuehigasse 26 

A 1120 Vienna 

Tel: (222) 83 56 46 

TELEX: 11632 BASAT A 


BELGIUM 


Inelco Belgium S.A. 

Ave. des Croix de Guerre 94 
B1120 Brussels 

Tel: (02) 216 01 60 

TELEX: 25441 


DENMARK 


iTT Multikorponent A/S 
Naverland 29 

DK-2600 Gloskrup 

Tel: (02) 45 66 45 
TX: 33355 


FINLAND 


Oy Fintronic AB 
Melkonkatu 24 A 
SF-00210 

Helsinki 21 

Tel: (0) 692 60 22 
TELEX: 124 224 Ftron SF 


FRANCE 


Generim 

Z.|. de Courtaboeuf 

Avenue de la Baltique 
91943 Les Ulis Cedex-B.P.88 
Tel: (1) 907 78 78 

TELEX: F691700 


Jermyn S.A. 

16, Avenue Jean-Jaures 
94600 Choisy-Le-Roi 
Tel: (1) 853 12 00 
TELEX: 260967 


Metrologie 

La Tour d’ Asnieres 

4, Avenue Laurent Cely 
92606-Asnieres 

Tel: (1) 790 62 40 
TELEX: 611-448 


Tekelec Airtronic 

Cite des Bruyeres 

Rue Carle Vernet B.P. 2 
92310 Sevres 

Tel: (1) 534 75 35 
TELEX: 204552 


WEST GERMANY 


Electronic 2000 Vertriebs A.G. 
Stahlgruberring 12 

D-8000 Munich 82 

Tel: (89) 42 00 10 

TELEX 522561 EIEC D 


Jermyn GmbH 

Postfach 1180 
Schulstrasse 84 

D-6277 Bad Camberg 
Tel: (06434) 231 

TELEX: 484426 JERM D 


CES Computer Electronics Systems 
GmbH 


Gutenbergstrasse 4 
2359 Henstedt-Ulzburg 
Tel: (04193) 4026 
TELEX: 2180260 


Metrologie GmbH 
Hansastrasse 15 
8000 Munich 21 
Tel: (89) 57 30 84 
TELEX: D 5213189 


Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Dreieich bei Frankfurt 
Tel: (6103) 33564 

TELEX: 417983 


IRELAND 


Micro Marketing 
Glenageary Office Park 
Glenageary 

Co. Dublin 

Tel: (1) 85 62 88 
TELEX: 31584 


ISRAEL 


Eastronics Ltd. 
11 Rozanis Street 
P.O. Box 39300 
Tel Aviv 61390 
Tel: (3) 47 51 51 
TELEX: 33638 


ITALY 


Eledra 3S S.P.A. 
Viale Elvezia, 18 
| 20154 Milano 
Tel: (2) 34 97 51 
TELEX: 332332 


Intesi 

Milanofiori Pai. E/5 
20090 Assago 
Milano 

Tel: (02) 82470 
TELEX: 311351 


NETHERLANDS 


Koning & Hartman 
Koperwerf 30 

P.O. Box 43220 

2544 EN’s Gravenhage 
Tel: 31 (70) 210.101 
TELEX: 31528 


NORWAY 


Nordisk Elektronic (Norge) A/S 
Postoffice Box 122 
Smedsvingen 4 

1364 Hvalstad 

Tel: (2) 846 210 

TELEX: 17546 


PORTUGAL 


Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
P1000 Lisboa 

Tel: (19) 545 313 

TELEX: 14182 Brieks-P 


SPAIN 


Interface S.A. 

Av. Pompeu Fabra 12 
08024 Barcelona 

Tel: (3) 219 80 11 
TELEX: 51508 


ITT SESA 

Miguel Angel 21, 6 Piso 
Madrid 10 

Tel: (34) 14 1954 00 
TELEX: 27461 


SWEDEN 


AB Gosta Backstrom 
Box 12009 
Alstroemergatan 22 
§-10221 Stockholm 12 
Tel: (8) 541 080 
TELEX: 10135 


Nordisk Electronik AB 
Box 27301 
Sandhamnsgatan 71 
$-10254 Stockholm 
Tel: (8) 635 040 
TELEX: 10547 


Telko AB 
palogdevadel! 1 
Box 18 

S-161 26 Bromma 
Tel: (8) 98 08 20 
TELEX: 11941 


SWITZERLAND 


Industrade AG 
Herlistrasse 31 

CH-8304 Wallisellen 

Tel: (01) 830 50 40 
TELEX: 56788 INDEL CH 


UNITED KINGDOM 


Bytech Ltd. 

Unit 57 

London Road 
Earley, Reading 
Berkshire 

Tel: (0734) 61031 
TELEX: 848215 


Comway Microsystems Ltd. 
Market Street 
UK-Bracknell, Berkshire 
Tel: 44 (344) 55333 
TELEX: 847201 


Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 450144 
TELEX: 95142 


M.E.D.L. 

East Lane Road 
North Wemble' 
Middlesex HA9 7PP 
Tel: (190) 49307 
TELEX: 28817 


Rapid Recall, Ltd. 

Rapid House/Denmark St 
High Wycombe 

Berks, England HP11 2ER 
Tel: (0494) 26 271 
TELEX: 837931 


YUGOSLAVIA 


H. R. Microelectronics Enterprises 
P.O. Box 5604. 

San Jose, California 95150 

Tel: 408/978-8000 

TELEX: 278-559 


AUSTRALIA 


Intel Australia Pty. Ltd.* 
(Mailing Address) 

P.O. Box 571 

North Sydney NSW, 2065 


Shipping Address) 
pectrum Building 

200 Pacific Highway 
Level 6 

Crows Nest, NSW, 2065 
Tel: 011-61-2-957-2744 
TELEX: 790-20097 

FAX: 011-61-2-957-2744 


HONG KONG 


Intel Semiconductor Ltd.* 
1701-3 Connaught Centre 
1 Connaught Road 

Tel: 011-852-5-215-311 
TWX: 60410 ITLHK 


JAPAN 


Intel Japan K.K. 

5-6 Tokodai, Toyosato-machi 
Tsukuba-gun, Ibaraki-ken 300-26 
Tel: 029747-8511 

TELEX: 03656-160 


Intel Japan K.K.* 
2-1-15 Naka-machi 
Atsugi, Kanagawa 243 
Tel: 0462-23-3511 


Intel Japan K.K.* 
2-51-2 Kojima-cho 
Chofu, Tokyo 182 
Tel: 0424-88-3151 


Intel Japan K.K.* 

2-69 Hon-cho 
Kumagaya, Saitama 360 
Tel: 0485-24-6871 


Intel Japan K.K.* 
2-4-1 Terauchi 
Toyonaka, Osaka 560 
Tel: 06-863-1091 


INTERNATIONAL SALES OFFICES 


JAPAN (Cont'd) 


Intel Japan K.K. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 


Intel Japan K.K.* 
1-23-9 Shinmachi 
Setagaya-ku, Tokyo 154 
Tel: 03-426-2231 


Intel Japan K.K.* 

Mitsui-Seimei Musashi-Kosugi Bldg. 
915 Shinmaruko, Nakahara-ku 
Kawasaki-Shi, Kanagawa 211 

Tel: 044-733-7011 


Intel Japan K.K. 
1-1 Shibahon-cho 
Mishima-shi 

Shizuoka-Ken 411 
Tel: 0559-72-4121 


KOREA 


Intel Semiconductor Asia Ltd. 
Singsong Bidg. 8th Floor #906 
26-4 Yoido-Dong, Youngdeungpo-Ku 
Seoul 150 ; 
Tel: 011-82-2-784-8186 or 8286 
TELEX: K29312 INTELKO 


SINGAPORE 


Intel Semiconductor Ltd. 
101 Thomson Road 
21-06 Goidhill Square 
Singapore 1130 

Tel: 011-65-2507811 
TWx: RS 39921 
CABLE: INTELSGP 


*Field Application Location 


INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 


ARGENTINA 


VLC S.RLL. 

Sarmiento 1630, 1 Piso 
1042 Buenos Aires 

Tel: 011-54-1-35-1201/9242 


* TELEX: 17575 EDARG 


Agent: 

Soimex International Corporation 
16 Park Row, Room #1730 
New York, New York 10038 
Tel: (212) 406-3052 

Attn: Gaston Briones 


AUSTRALIA 


Total Electronics 
(Mailing Address) 
Private Bag 250 
Burwood, Victoria 3125 


(Shipping Address) 

9 Harker Street 
Burwood 

Victoria 3125 

Tel: 011-61-3-288-4044 
TELEX: AA 31261 


Total Electronics 

P.O. Box 139 
Artarmon, N.S.W. 2064 
Tel: 011-61-02-438-1855 
TELEX: 26297 


BRAZIL 


lcotron S.A. 

05110 Av. Mutinga 3650-6 Andar 
Pirituba Sao Paulo 

Tel: 011-55-11-833-2572 

TELEX: 1122274 ICOTBR 


CHILE 


DIN 

(Mailing Address) 

Av. VIC, Mackenna 204 
Casilla 6055 

Santiago 

Tel: 011-56-2-277-564 
TELEX: 352-0003 


(Shipping Address) 

A102 Greenville Center 
3801 Kennett Pike 
Wilmington, Delaware 19807 


HONG KONG 


Novel Precision Machinery Co., Ltd. 
Flat D 20 Kingsford Ind. Bldg. 
Phase 1 26 Kwai Hei Street NT 
Tel: 011-852-5-0-223222 

TWX: 39114 JINMI HX 


Schmidt & Co. Ltd. 

18/F. Great Eagle Centre ~ 
Wanchai 

Tel: 011-852-5-833-0222 
TWX: 74766 SCHMC HK 


INDIA 


Micronic Devices 

65 ARUN Complex 

D V G Road 

Basavan Gudi 
Bangalore 560004 

Tel: 011-91-812-600-631 
TELEX: 011-5947 MDEV 


Micronic Devices 

104/109C Nirmal Industrial Estate 
Sion (E) 

Bombay 400022 

Tel: 011-91-22-48-61-70 

TELEX: 011-71447 MDEV IN 


Micronic Devices 
R-694 New Palins Nager 
New Delhi 110060 


Ramlak International, inc. (Agent) 
465 S. Mathilda Avenue 

Suite 302 

Sunnyvale, CA 94086 

Tel: (408) 733-8767 


S & S Corporation 

Mailing Address) 

.O. Box 1185 

Mauldin, South Carolina 29657 


(Shipping Address) 
308 Green Drive 
Liberty, South Carolina 29657 


JAPAN 


‘Asahi Electronics Co. Ltd. 


KMM Bidg. Room 407 
2-14-1 Asano, Kokurakita-Ku 
Kitakyushu City 802 

Tel: (093) 511-6471 

TELEX: AECKY 7126-16 


JAPAN (Cont'd) 


Hamilton-Avnet Electronics Japan Ltd. 

ie and YOU Bldg. 1-5-7 Horidome- 
le) 

Nihonbashi_ Chuo-Ku, Tokyo 103 

Tel: (03) 662-9911 

TELEX: 2523774 


Ryoyo Electric Corporation 
Konwa_ Bidg. 

1-12-22, Tsukiji 

Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711/541-7311 


Tokyo Electron Ltd. 
Shinjuku Nomura Bldg. 
26-2 Nishi-Shinjuku 1-Chome 
Shinjuku-Ku, Tokyo 160 
Tel. (03) 343-4411 

TELEX: 232-2220 LABTEL J 


KOREA 
J-TEK Corporation 


2nd Floor, Government Pension Bldg. 


24-3, Yoido-Dong 
Younpaungpe-Ku 

Seoul 150 

Tel: 011-82-2-782-8039 
TELEX: KODIGIT K25299 


Koram Digital USA (Agent) 
14066 East Firestone Boulevard 
Sante Fe Springs, CA 90670 
Tel: (714) 739-2204 

TWX: 194715 KORAM DIGIT LSA 


NEW ZEALAND 


McLean Information Technology Ltd. 
459 Kyber Pass Road, Newmarket, 
P.O. Box 9464, Newmarket 
Auckland 1, New Zealand 
i 011-64-9-501-219, 501-801, 587- 
TELEX: NZ21570 THERMAL 


PAKISTAN 


Computer Applications Ltd. 
7D Gizri Boulevard 
Defense 

Karachi-46 

Tel: 011-92-21-530-306/7 
TELEX: 24434 GAFAR PK 


PAKISTAN (Cont'd) 


Horizon Training Co., Inc. (Agent) 
1 Lafayette Center 

1120 20th Street N.W. 

Suite 530 

weet D.C. 20036 

Tel: (202) 887-1900 

TWX: 248890 HORN 


SINGAPORE 
General Engineers Corporation Pty. 


Units . 1003-1008 Block 3 

10th Floor PSA Multi Storey Complex 
Telok Blangahl Pasir 

Pan Jang 

Singapore 5 

Tel: 011-65-271-3163 

TELEX: RS23987 GENERCO 

CABLE: GENERRCORP 


SOUTH AFRICA 


Electronic Building Elements, Pty. Ltd. 
P.O. Box 4609 

Pretoria 0001 

Tel: 011-27-12-46-9221 

TELEX: 3-22786 SA 

TELEGRAM: ELBILEM 


TAIWAN 


Mitac Corporation 
3rd Ficor #75, Section 4 
Nanking East Road 


Taipei 
Tel: 011-886-2-771-0940, 0941 
TELEX: 11942 TAIAUTO 


Mectei International, Inc. (Agent) 
3385 Viso Court 

Santa Clara, CA 95050 

Tel: (408) 988-4513 

TWX: 910-338-2201 

FAX: 408-980-9742 


YUGOSLAVIA 


H. R. Microelectronics Enterprises 
P.O. Box 5604 ‘ 

San Jose, California 95150 

Tel: (408) 978-8000 

TELEX: 278-559 


*Fleld Application Location 


UNITED STATES 
Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 


JAPAN 

Intel Japan K.K. 

5-6 Tokodai Toyosato-machi 
Tsukuba-gun, Ibaraki-ken 300-26 
Japan 


FRANCE 


Intel 

5 Place de la Balance 
Silic 223 

94528 Rungis Cedex 
France 


UNITED KINGDOM 


Intel 
Piper’s Way 
Swindon 


Wiltshire, England SN3 1RJ 


WEST GERMANY 


Intel 

Seidstrasse 27 
D-8000 Munchen 2 
West Germany 


Printed in U.S.A. C-789'1284 50K RRD LK 
Corporate 
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